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PREFACE. 


In piepaimg tins hook 1 Lave used luateiial from Plant 
Bioloqy, Life Histones of Common Plants, and Botany foi 
Matnculation Fiom these tliiee woihb this volume diffeis, 
apait fi om condensation m some places and omission in otheis 
— piocesses necessaiv to mahe the book moie suitable foi the 
use of students piepaimg foi the Semoi Local E\amiuationb 
of the Univeisities of Oxfoid and Caiiibiidge — m thepiejiaia- 
tion of a chaptei on clnnbiiig, paiasitic, and sapiophytic plants, 
and especially in the gieat expansion of the chaptei dealing 
with the Ecology of Plants This im 2 >oitaut an^ inteieslmg 
subject lec^nes heie, indeed, moie adequate tieatment than 
many othei woik on Elemental y Botany with which I am 
acquEunted 

The essence of good teaching m Elemental v Botany is to 
bimg the student into the closest peisonal contact with the 
fundamental facts of the science (\ccoidingly I have in- 
seited a laige numbei of evjieiimeuts, but as some teacheis 
may find that the time which then classes cau devote to the 
sub]ect does not allow them to woik thiough all the expeu- 
ments heie given, those expeiiments which aie of funda- 
mental impoitaime and would iii themselves foim a fair fiist 
course in Piactical Eleinentaiy Botany aie indicated with an 
asteiisk So fai as jiossible, howey^ei, the sections dealing 
with geiniination and with the exammation of typical plants, 
the lattei hemg given chiefly m Chaiiteis IX to XVI , slionhl 
be caiefully woiked thiough 
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III the cliapleib oii the ISTatiual Ouleib &oine paiagiaphs 
have beeu euclosed in i:jqnaie hiackets This is to indicate 
that the plants desciibed aie not found growino wild in 
Biitain, but aie commonl} cultivated in gardens, s,liiubbeiies, 
or plantations 

Foi the loan of ceitam illustiation-blocks I am uidebtedto 
thecouilesy and kindness of Messis Band and Tatlock, Cioss 
Sheet, Hatton G-aideu, London, E C , the Oouncil of the 
Lmneau Society , Di T W Woodhead , Di W Simtli , 
and my colleague Mi E E JMai le, B Sc 

Ml W B Clive has piepaied an excellent set of micio- 
scopical piepaiations (Tlanb Biologi/ Set oj Mioo Slides, 
pi ice 25to'), which will be found to answei admnably foi 
use with this book , the set ib accompanied by a desciip- 
tive booklet 

I shall be vei^'' glad to leceive suggestions and ciiticisius 
fiom teacheis and otbeis who use this book 

P CAVEES 

Hxptlly Uniyctisitv Colli* <»l, 

Southampton 
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SENIOE BOTANT. 


CHAPTER I. 


INTEODUCTION— THE BEOAD BEAN PLANT 

1. Seed Plants. — In tins book we shall study only the 
highei plants, which pioduce doweis and seeds and aie theie- 
foie called the Floweiing Plants oi Seed Plants, to distinguish 
them tiom the lowei plants winch do not pioduce seeds — 
Pei ns, Mosses, Fungi, Seaweeds, etc 

Most Seed Plants agiee in ceitain geneial featuies of foini 
and stiuctuie, though showing endless diffeiences in details 

2. Practical Work. — Get aU the seeds, plants, and othei 
mateiials mentioned m the diiections toi piactical woik and 
caiiy out the directions faithfully, making obseivations and 
expel iments foi youiself and keeping a careful recoid of 
your woik wiitten in your own woids and illustiated by 
your own diawmgs fiom actual objects 

3. Sketches Req^uired, — It is of the utmost impoitance 
that, besides keeping a wiitten lecoid of all youi obseivations 
and expel iments, you should make caieful diawmgs of all 
specimens you examine Use a note-book of iiniiiled papei 
(not too thin) , if you wiite youi notes in the same book, 
keep notes and sketches on sepaiate pages, make youi 
sketches large (natuial size oi, in most cases, enlaiged) and 
deal (no shading, no supeufluoiis or meaningless maiks oi 
lines, and no “inking-m” aftei wauls) Measuie the spe- 
cimens you aie going to diaw, lecoid the measuiements, 
and if enlaigement is uecessaiy in older to show details 
clearly, draw to a definite scale and note how many times 

S. B 1 
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yctii sketch is magmfi.e(l (X 2, x 3, etc) All the paits 
shown bhould be labelled, do not wiite the names inside tlie 
diawiug, hut at the end o£ a line diawn to the pait named 
Wiite below each di awing the name of the plant, the pait of 
the plant, the aspect lepiesented, etc 

4: Hints on liens Work — So nmcli can be done a lens, 

espocialb^ if a micioscope is nut a\ailable, that some hints on lens MOik 
may be useful The best kind of lens is the “aplaimtic” oi “platj'- 
scopic,” ishich gives a flat field ot vnsion without distoition of the 
edges , but a cheap ti iple lolding lens will do It is eas 3 ^ to make a 
simple stand to cany the lens, and to allow ot hotli hands being 
used in dissecting the specimen examined The lens can be fixed to 
a coik which slides up and down a veitical lod, e q a knitting- 
needle 01 hat-pm, nisei ted into a wooden base Anothei usetul plan is 
to get a piece of thick glass, about £) by 4 ins , to one side of it paste 
two pieces of Llnok pa-pei, each 3 by 4 ins , one black, the othei white 
(oi a single piece, 6 4 ins , with one half painted black) Keep the 

papeied side dowmvaids, placing on the ujipei side the objects to be 
examined with the lens, move them along so as to see then appeal - 
aiice against the oiiaqiie white and black siu laces, and also against 
the light tliioiigh the clcai pait of the plate See Cli III 

5. The Paints of the Plant. — If we examine a imniber 
of common Seed Plants, tve find that in most cases it is easy 
to lecogmse two sliaiply dibtingiushed paitb — the root, which 
giowb downwards into the soil, and the shoot, wdiich glows 
upwaids into the an 

Select foi yoiu fiibt studies a few plants whose shoot is 
erect (not bui rowing m the sod, oi cieejimg, oi climbing) 
and herbaceous (not haid and woody), and find out in what 
lespects these plants agiee 

6 UcUz'imhjQ'i Studi/ — Pull up, oi dig up, specimens of tlie follow- 
ing common jilants Bioad IBean, Clnckwced, Groundsel, Bed Dead- 
Nettle, Poppy, Candytuft, Chailook 

Examine each plant thoiouglily, aftei xvashing oft any soil that may 
cling to tlie root, making notes and sketches of your ob&ei \ ations 
The Bioad Bean is given fully in this chaptei as a type, and the othei 
plants should be caietulb'- compaied with it at evei}'- point 

The Broad Beau Plant. — A good way in which to 
begin woik on pfiant-life is to raise plantb horn seed The 
clneL leasoii why the Bioad Bean has been chosen for 
oni fiist studies is that its seeds aie easily germinated at 
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any time of yeai, yielding in a slioii time vigoions young 
plants Tvliicli seive admiiably foi piactical woik on plant 
stiuctme and jilaut pliy:5,iology Floweiing and fimtmg 
plant's can be obtained tluoiighout the siinimei months , m 
wmtei one must, of coulee, use seedlings laised indoois 

AFEX OF 



The Bioad Bean (Fic/tt faha) is di -sting iiisheil fioin oLhei 
“ Bean- plants ” (Fiencli oi Kidney Bean, Scailet Eunnei) 
by its eiect mode of giowth, its stjuaie stem, its leaves with 
laige stipules and fioin tour to seven oval lealiets, its white 
floweis with a black blotch on each lateial petal (Fig 1) 
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The Bioacl Bean is commonly cultivated foi its laige edible seeds, 
and {like most ciiltnated plants) shows several \aiieties (Lungpod, 
Mazagan, etc ), difienng in such details as shape and size ot pod and 
seed and in times of lioweimg A comniun and distinct \aiiety is 
the Field oi Hoise Bean, of 'wliich the seeds aie used ehiefl) loi 
feeding horses, the “stiaw” foi stabling pin poses , its seeds aie 
miieli smallei and less flattened than those of the typical Windsor 
Broad Bean 

Dig up an entile Bioad Bean plant in the gaiden (or the \eiy 
similai Hoise Bean gionn in the fields), and fice the loot fioni the soil 
iliat clings to it by shaking it to and tiom a pailful of natei and aftei- 
vards v ashing nuclei a stream ot watei hoiii a lap Set the plant in a 
basin of clean ivatei, so as to allow the blanching loot to spieacl out, 
as well as to pi event its city mg up 

If complete flowenng and tiuiting Bioad Bean plants cannot be 
obtained at once, begin by studying the seed and its geuiiination 
(Alt 31 and lest of this chaptei , Ch II ) Make successive sowings 
111 tlie gaiden, also m pots and bodies, so as to get abundant matciial, 
111 the foim of seedlings, to stait woik with, 

8. Tlie Root consists of a inain downwaicl-gi owing axis 
(coutinuons the iipwaid-g lowing axis oi stem), fiom 
which aiise blanches that spiead out fioni it Aie these 
fii&t blanches lioiizontal oi not ^ Do they all make the same 
angle with the main loot ^ These flibt Blanches give use m 
then tmn to fiuei blanches, in what directions do these giow 
in the soil, and how inanytiineb may the piocess ot‘ blanching 
be lepeated? Compaie the diffeient cbiections of giowtli 
taken by the mam axis and by the succebsive sets of blanches. 
Do these differences help the loofc to come into contact 
with as much soil-space as possible in the most economical 
way? 

9 Rootlets — Aie the fiist branches scatteied iriegularlj ovei tlie 
siuface of the mam loot’ To make out then aiiangement, cut out 
a stiaighb i>iece of mam root, about b ins lung, cut oil the blanches 
about half an inch fiom then oiigiii, and look along the piece 
fiom end to end Sketch the piece, showing the lows of biaiiolies 
airanged along tlie axis This aiiangenionb can easily be made out m 
seedlings In the Broad Bean the side loots aie usually in 5 lows on 
the mam loot , m the Scailet Runnei and the Fiench Bean thoie arc 
usually 4 lows, arianged with gieat iegiilaiit 3 ’' on the mam loot 

Examine closelj^ the place viieie a biancli (lootlet) leaves the paient- 
root 1*3 the siuface smooth and conlmiious, oi is theie aiij'^tliing 
visible that suggests tlic way m winch the blanch aiose fiom tlic 
paieiiL-ioot V Wliat fuitbei inloimatiou is gamed hy cutting acioss 
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the j)aiont--ioot at this point with a shaip knife oi a la^oi, and ex- 
amining with a lens the cut siiiface’ In hat legion of tlie main lOot 
aie the biaiichcs slim test and thinnest Look foi jwing blanches jnst 
emeiging ftoin the paient loot , in wliat diiection do tlie}^ giow at fiist ’ 

10 B.oot-Tip — Hole the giadiial tapeimg of the mam axis ii.nd of 
the rootlets to^\alds then fiee cikL, and the sottness and wlutenoss of 
tlie lattei as conipaied ith the oldei paits Cut ojf the ends of some 
of the rootlet'!, about an inch belnnd the evtieme tip, place them m a 
di op ot water on a glass slide, and examine them with the lens, ti}'" 
holding the slide (1) against the light, (2) ovei a white siii face, ( 3 ) over 
a black sin face 

11 BiOot-Hairs — Look toi Aoiy fine thieads, which will be found 
behind the loot- tip, if the iattei has not been damaged These aie 
the root-haus, to which smtll pai tides of soil iiia^ still be sticking 
Koot-haiis aie moie easily seen in seedlings Thej^ pieviouslj^ 
existed on the oldei paits ot the loot, but they disappeai as the loot 
glows, while new haiis aie continually being toimed jii&t behind the 
glowing exticmity of the lootlet 

12 Root-Cap —At the end of each lootlet, note the moic 
tianspaicnt conical mass at the extieme tip, sepaiated fiom the 
densei mam body ot the luotlct by a ciined oiilhno This conical 
mass IS the loot cap , it is thickest at the tip and extends a little 
distance at the sides, fitting over the end of the lootlet like a thimhle 
on a hngei 

Root hails and loot cap can be moie easily examined in a seedling , 
thej’’ aie often damaged in iemo\ mg the iiiatiue plant tioni the soil 

13 Root-NoduleEi — Note, lieie and theie on tlie mam loot and 
the lootlets, little wai t-like su dlings, ^ ai ) ing in size and shape Tlioso 
swellings (nodules oi tubeieles) aie chaiactci istio ot the loots of 
Beans, Peas, Clovei, and allied plants See Ait 240 

14 Hard and Soft Tissues of Root — Cut the main loot and 

the blanches at fee vcial points, tians\ eisely and ^ ^ note 

the haid cential pail Riniounded b^ the sot t ^ the 

lattei off, all louiid a piece ot loot, to see the haid ccntial c> lindei Is the 
haidiiess of this cential tissue due to the piesence ot woody substance, 
as in old lonts as well as stems ot tiees ^ It is cas}-- to find out (^eb 
some aniline chloiide {alioiit l|d pei ounce), dissolve in a little alcohol, 
andadclvatei to mako a 10 pei cent soliiticjii Dip a wooden maLeli 
mlo the solution does the mati h tiun bi iglit yellow when withdi awn 
It the coloiu does not appeal (]itiLkl\, add a tcu diops ot hydiochlunc 
acid to tiie solution This solution afioids a leady test foi woody 
substance {luvun) Place some on 30111 bcctiuns ot the loot, and notice 
winch paiLs tin 11 yellow 
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15. The Shoot. — The whole of the uppei pa.il of tlielieau- 
pIlIhI, above the iiioimJ, may be called the shoot, as clis- 
tmguibhed fioni the lOot, whiL.h j^iowb lu the soil In 
passing from the downwaid-gi owing axis oi loot to the 
iipwaid-g lowing axis oi stem, what change^ do 3 "oii notice 
in (a) shape of axis, (h) coloui of axis, (c") natuie of appen- 
dages earned by the axis’'" Note the foni flat sides ot the 
fatem, and its gieen coloni, often tinged with led TVe saw 
that the lOot con^jistb of a main cylindiical axis which is 
coveied at the tip by a loot -cap and which beais as appen- 
dages {a) loot-haiit., (U) i oot-nodnles, (c) lootlets which 
lepeat tliefoim of the main axi^ and lieai tlie same appen- 
dages What aie the appendages of the shoot-axis (steni)^ 

(a) Some of tJiese consist ot a stidk which is giooved on 
its upper surface, caiiies a immbei of tlnn flat outgiowths 
on eitliei side, and (usually) ends in a slendei pi elongation 
(h) Otliei appendages of the stem consist of a fom -sided 
stalk wliieli oaiiies appendages like {a), and which theie- 
fuie lepeats the foiin of the mam stem itself and may be 
calleJ a branch of the stem, -jUst as a lootlet is a bi.Liicli 
of the loot In many plants, e (f Wallflowei, tlie fiist 
kind of stem-appenikige consists ot an undivided thin fiat 
piece, sucli an appendage is called a simjple leaf The 
coiiesponding appendage of the Dean is also a leaf, but 
lieiG the leaf is cuin])oaniJ, its thm flat poition being divided 
into seveial pieces, tlie leaflets 

16 All -Spaces 111 Shoot — You ha\e noticed a, oonl-ial e.ivity in 
soino ot tlie cioss-sec Lions Tlow fat’ clues tins cavit^r extend in the 
stem, and is it continuous ^ bind out ‘flitting up the whole stein 
fiom lop to huttom Does it i uii out into I lie hianclies and the leaves ? 
What cloes it contain in the unin]iued living stein’ Ncaily fill a 
laigc basin with hot watoi (just boiled), and notice what happens when 
you place iii it (a) a piece ot stem onb, with tho cut ends pioviously 
x^ell plugged with plasticine, (/i) a vholo plant 

d^Iie icsiilts of tliosc simplo expeinneiits slum tliat tho whole shoot 
contains aii-spacos and that these comnniiiKuto vitli the alinosplnue 
b\ openings scatteied ovei the siufacc h\nni the niiiiihei ot inihhles 
seen to cscajjo, tho lc‘a\cs c\idcntly lia\c fai mote an openings Ilian 
the stem Which side of a kaliet, np]jei oi lowoi, seems to have 
most openings ^ These aii-opeiiings aio called domttks 

17 Hfliid and Soft Tissnes of Stem -—Cut slues aoioss tho 
stem at seveial places, stuLting with the iippoimost (;y<^LHit3cst) tiaits 
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and woi. king do^\nwaids Airange the slices in oidei on j^oiii glasb 
plafcOj co\ei \'v itli a little watei, and examine with the long Note that 
the young pait^ aie solid and soft, hile the oldei paits aie hollow and 
haid Note the hard li&'^ue lying Muthin the sutt gieen outei tissue 
In 3?-oung parts the haid tissue consibls ot sepaiate stiiiigs (bundles) 
foinnng a iing of wliitish points in cioss-section , note tlie extia 
bundles lying outside of the iing, occupying two of the 
coureifc. (theio is a small bundle in each of the coincis 
these tuo, but thej’’ nie haidei to see) In oldei paits the bundles aie 
joined in a continuous hollow 03 liiidei oi tube (a complete iing m cioss- 
secbiou), but the e^t^a bundles lie outside of this in the same positions 
as in the 3'’oung pai Is 

Now Hill the watei off and place on the sections a little aniline 
ohloiide, noting the lesiilt Cut the stem longitudinally into stiips 
and note tlie bundles, which will be eisiei to follow it the stups me 
jilaced in potash solution (made by dnsohnig a stick of caustic potash 
111 watci) loi a shoit time 8ciape tlie soft outei ti«;sue tiom a piece of 
stem and notice the haidness of the bundlch, especialty in tJic oldoi 
pai ts 

18 . The Leaf, — Ea,cli leaf consists of an axis (leaf-stalk) 
wliioli beais iiglit and left a nimibei of i-hin flat outgiowths 
The two lowest of these he on each bide at the base of the 
leaf-stalk, close to the stem, they aie called stipules to 
distinguish tliem fiom the leaflets earned liighei up on the 
stalk The leaflets aie lathei vaiiable 111 nuiiibei, but we 
usually find a pan close togethei, light and left, neai the 
top of the stalk, and fioiu two to foui spaced out on the 
stalk below these Note the diffeience in shape between the 
leaflets (oval) and the stipules (tiiangulai, like one lateial 
half of a speai-head) , what othei diffeiences do they show^ 
Notice the slendei outgiowth into whicli tlie leaf- stalk is 
(^usually) prolonged above the leaflets (Fig 1 ) 

Do any of the leaves m youi plants beai a leaflet in place 
of this outgiowth, and do 3'’Oii find 11113^ leaves ending m 
structuies mtei mediate between these two exti ernes ^ Note 
that the leaf-stalk comes oft at one of the iidges of the 
stem, the stipules being agtxinst its two adjacent flat sides 

19 An angemeiit of Leaves — Follow tlio iidges along the stem, 
and find out in how many lovs tlie leaves aioaiiangod Do leave 
come oil at all foiu iidgC',’ Do the iidges luii stiaiglit up cand 
duvn the stem, 01 is thcie any twisting’ Compaio the leat-aiiange- 
meiit ill the Bioad Bean with that olisoived in othei plants w^lnch ha^o 
squaie atenn— e q ’White 01 Bed Dead nettle, Mint, Figwoit, (Joleus— 
and note an3^ dillei cnees. 
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20 The Leaflet — Notice the chief vein (niKhib), which runs 
tlnongh tlie leaflet fioin the base to tlie tip "Wliat do yon notice 
at the tip’ Note the hianeh- veins ausing on each side fiom tlie 
midiib, the finei \eiiis causing fioni these, and the delicate net-hke 
aircangenient ot the still finoi veins (hold the leaflet against the 
light) What difleiences do you notice between the iippei and 
lowei surfaces of the leaflet’ Notice that the chief veins appeal as 
gioo\es on one siiiface (vhich ’) and as pi ejections on the othei 
Hold the leaflet, vith the lowei srilacc towaids yon, between the 
tlmiiib and foiefiiigei of each hand, and, staiting from a point on 
one edge, teai tlie leaflet acioss Notice the bhiii ooloniless skin which 
can be tom ofl in this way, and the gieen innei tissue which is 
exposed , small spechs of the gieen tissue lemain attaohed to the 
skin, unless the tcaiing is done veiy caicfiill\ (ti^ it seveial times, 
staitnig at clifleient point'^ on tlie edge ot the leaflet) Now ti}^ to 
teai oft the nppei skin in llio Scaino vay, and notice tliat it also is 
colouiless, though a good deal ot tlie gieen tissue alwa3’'s comes 
away with it The leaflet Iheicfore consists ot a thin colouiless skin 
coveiing its iippci and lowei suitaecs, and a thick middle gieen tissue 
which IS densei towaids the uppei siuface and loosoi tov aids the lower 
siufaee (how is this infeii cd fioni 3^0111 fceaiing expoiiments ’) and which 
contains the veins 


21 “Bloom” on Leaf-surface — Dip a leaflet into watei and 
notice, on lifting it out, tliat the watei inns ofl the sin fare voij^ 
quick!}", leaving it diy Lay a leaflet on tlie table and jilace a chop of 
watei oil eithoi sui face in turn notieo in both o.ascs that the watei 
foinis a globule instead of siucading o\oi the suifaoe Tins shows that 
tlie leaf is not easily vetted 1>}" vatoi, and suggests that the sinfaco is 
ooveicd by sonic substance like wav Tins vaxy siihsLance is similai 
to that wliicli toiins the ^‘liiooui” on riiajics, Plums, etc , so that one 
might say tlie Bioad Bean loallot is co\0Led with “bloom,” winch 
pi events watei fiom wetting it and leaching tlio iniioi tissue Try to 
leniovo the bloom h}' lubhing iho leaflet gently (1) v iLli a diy cloth, 
(2) with a cloth dipped into Will m water, vatci placed on the leaflet 
will then wet the suifacc and spiead over it 


22 The Stipules —How does a sUinilo diflci fiom a leaflet in 
slnape, coloiu, andtevturo’ Has it any veins (hold it against tlie 
light)’ Notice tiie patch noai the con tie of the stipule at inst it 
is blight icd 01 violet in colmii, latei it becomes blown 01 black 
On which siuface of the stipule is tins patch most easily seen’ 
Tins patch coiuisLs of mnnito ghimliilai bans, vciy closely ciowded 
togethoi on the lowei sin face of the stipule A similai jialch of 
glands occuib on the stipule in tlio Common Vetch of fields ( Vtcia 
mtiva)^ the neaiest ally of the Bioad Bean among Biitish plants, 
its fuiictioiis aio doubttul 
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23 The lieaf-Stalk (Petiole) — Note the gioove on the upper 
siufacc, making the leaf-stalk guLtei -shaped ^Vhat do6«{ tins com- 
paii&on with a guttei suggest as to the use of the grooAe in wet 
weathei ’ Test tlie mattei by a simple expeiimenb with a wateiing- 
pot, 01 watch a plant dining a showei ot lain 

What about the iianow piolonged tip at the end of the leaf -stalk’ 
The neaiest lelatives of the Bioad Bean aie the Vetches and Peas, 
which diffei fioin oui t}pe in lieing u eak-itemmed climbing plants, 
the uppei leaflets of then leaves being modified into slender oigans 
(tendrils) whicli coil around supports Get any of these [e. (j Sweet 
Peas) and compaie tlieii leaves with that of the Bioad Bean What 
liglit does the comparison throw on the nature of this pait of the 
Broad Bean leaf ’ A special organ used for climbing is called a tmd'i il 
Make out with the lens the sbiiictuie of the leaf-stalk How aie the 
1 ” ’ Ts there a central air-ohannel, and is it continuous 

\ of the stem, oi the branch, that beais the 

leaf ’ 




24. Branches and Buds. — You will have noticed that 
each blanch of the stem aiises juht above the base of a 
leaf, and that as a lule they become shoitei towaids the 
uppei end of the stem Pull off the young leaves at the 
end of the stem oi of a bianch, to see the small young 
branches (hiids), one above the base of each leaf These 
buds aie called axilhi'iijf the space between the leaf-base 
and the pait of the stem above it being called the axil 
of the leaf At the very end of the mam stem and of 
each blanch theie is a terminal hid A bud is simply a 
young shoot, consisting of a shoit axis (stem) beaimg 
young leaves which aie closely ciowded togethei and overlap 
the glowing apex of the axis Latei on, the stem pait of 
the bud glows m length and the leaves become spaced out 
on it, as well as giownug laigei. 

The points on the stem wheie leaves come off aie called 
nodes, the paits between the nodes being called vibei nodes, 
but these names, though useful m desciibmg plants, aie 
often associated wuth a false conception of the shoot as 
being made up of “joints,” each consisting of an luteinode 
and a node beaimg one oi moie leaver The node is 
ineiely a place wheie a leaf stands on the stem, and 
wlieie the bundles of the stem divide and join with those 
of the leaf and also with each othei, causing a swell- 
ing 
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25- The Flowers of the Bioad Bean aie aiiaiiged in 
small dusteis, each ckistei aiismg m the a\il of a leaf, aiul 
each howei is attached by a bhoit static to the a\i& of the 
clustei, which occupies tlie same position on the shoot as an 
culinary biauch Tlie clustei or flowei-heaimo branch is 
called an itifloiescence Tmn down oi pull oft the leaf ]U'at 
below an lufloiesceiice, and examine the lattei closely This 
special hind of infloiescence, with the mdiYidual floweis 
slalhed and spaced out on the axis, is called a raceme j the 
youngest floweis aie iieaiest the top 

If Bioad Bean floweis aie not ta\aikblo, use those of )Sweet Pea, oi 
Goise, 01 t,ome otliei plant ot the Bean Family 

111 dissecting floweis use a slmip pciiLnito {a pan of fine scissois 
amU also be useful), a pan ot loiceps ±oi scuing the paits oL the flowei, 
and a lens 

Note the paits of a single llowor (Figs 2 , 3 ), staitiug horn the 
outside — 

26 The Calyx, a gieemah oi colomless cup, -vi ifch lU ticc edge pio 
d need into five pointed lobes Note the veins wliicli staiL fiom blio 
bottom ot the cup, one lunning up tlio michlle ot each lobe, otheis 
between the lolies 


27, The Corolla (Fig 2), consisting app.Liently of foiu pieces, alaige 
uppei piece two snialloL .side pieces and a lowei 

boat sliaped piece {J cel) 




KEEL 


Note the vay iii which 
the standaid is folded 
below ovei the vniigs, 
wliicli in till n enfold the 
keel Tlie atamlaid is 
on the uppei (posteiioi) 
side of the flowoi, i e 
tlie side towaids tlie axis 
of tlio infloicsceneo, note 
the position ot each ot 
tbecabu-lohos witli lefe- 
leoce tothoaxis, 1 he odd 
one being the lowest 
Open the calvx by 


STANDARD 


cutting oi tcaiiiig ib he- 


I-Jff 2— Corolla <tf Uioid fioan twccil the fcwn uppei 

lohc'i, to fl(‘o the exact 


shape and position ot eacli of tlio foiu ]iai Is ot the coiolhi Heiuovc 
the standaid and sketch it (fiont siufacc and side view) , nolo its 


bioacl uppei pait, marked by coloiued sUeaks, and the naiiow lowoi 
paib by which it la attached to the tecej)lciLle {i e the expanded uppei 
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end ot tlio flowei-sbalk, to winch all the paits of the floweis aie 
attached) In each wing note the natiow stalk, and the bioad 
oval poition which has a laigc hlackibh spot Gently pull eacli wing 
outwauK, and note that it clings to the oiitei siuface ot the keel can 
it be pulled oil without teaiing an} lliiiig Note the w a}^ in whieli the 
wing on each side is locked wnth the keel , at this place the wing and 
tlie keel show a senes ot folds, tlie con ligated siutaces fitting togetliei 

Remove and sketch one ot the wniigs, both fiom the imiei side and 
the outei side In i cinoving the 
standard and the wings, note 
that these pieces {petals) altei- 
nate in position with the caly\- 
lohes, ^ c the mseition of each 
of these tliiee petals is just in- 
side the space betiveen two of 
the cal^^x-lolieb Now examine 
the keel, and note that it is 
earned on tw^'o separate stalks , 
detach these at tlieii bases and 
pull them apart, wdien the keel 
wnll split along its sliaip lowei 
edge into tw'o pieces The 
corolla, then, consists in lealit}^ 
of fi\e petals, the two low^est 
heiiig attached to each obhei to Fig 3 — -Stauious 'iml Pistil of Bioiul Biian 
toi ra the keel, and the five petals 
alternate in position with the five sepals (caly\ -lobes) 

28 The Stamens (Rig 3) — On opening up the keel jou will see 
a niimbei of small o\al bodies [antluis), each earned at the end ot a 
ttiin stalk {filament) How'- many antheis are theio ’ It } on see any 
stalks hare at the end, tiy anotliei flow^ei (a 3 ’’oung unopened flowei is 
best) Tiace the stalks dowm, and notice that most of them aic joined 
below to a thin coloiuless plate whicli is folded '' Does 

this folded plate toim a complete tube oi is it , o is the 

opeuing, and how" is it eo\eied ovei ’ Are any ot the filaments fiee 
from the folded plate ’ Each anthei, wnth its filament, constitutes a 
stamen^ but only the uppeimost stamen is tree light down to the 
flowei axis , the olheis aiise fioni the stamen-tioiigh ” The iippei 
paits of all the Stamens, bend sharply npwaids, to suit the shape of 
the keel, in wdiicli they aie enclosed , there is a naiiow opening along 
the uppei side ot the keel, abo\e the fiee stamen 

Examine an antliei wutli the lens, noting the two lobes divided by 
a I(jngiludinal gioove, and each showing a lobb marked groove, the 
aiiLliei consistb ot tom pollen '^ai 1\ ing bide by side This can only be 
seen in a young flowei , in an oldei one the antlici will have opemed 
by tw'o slits, one at each bide, allowing the }cllow' dust-like to 
escape Sketcli the ten stamens, wuth the “ stamen tiongli” as seen 
tiom llio ^ide , then cub louiid the habC of the Lioiigli, ieino\e it, and 
sketch It spread out 
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29 THe Pistil {Fig 3), the iiiiieimost pait of the flowei, i<3 now 
seen It consists of a long gieen lowei pai t with flattened sides, and a 
tapeiing fiecend pioduced in to a sleiidei ontgiowth {dylt)^ whicli bends 
upwaids and beais a tuft of liaii'^ on the lowei side of the bend, jusfc 
below the tip Examine these paits caiefully, and sketch the whole 
pistil in side \new The lowei pait of the pistil leseinbles a small 
bean-pod, and for the piesenb we may call it the “ young pod ’’ Is it 
liollow, and does it contain anj thing answ’eiing to the seeds found in 
the bean-pod’ Cut it acioss, and open it up, to see what we ma}^ at 
piesent call the “young seeds ’’ To wdiich side (uppei oi lowei) of the 
cavity are they attached ’ 

Make and sketch a longitudinal section of the entiie flower coiie- 
spondmg to tliat sliowii ni Fig I 



Pi^ 1 — Lonjjitiuhnal Stctioii of IJioid Bean PloAnn 

30- The Fruit. — Yon should watch some floT\''eis fi02u daj^ 
to day, 01 coiiipaie ditleieut floAvei^^ on the same plant, and note 
any cliaiigeb that occui as thej^giowolclei What becomes of 
the calyx, coiolla, stamens, style, young pod ^ What paits of 
tlie flower (cl) wutliei, (1) peisist, (c) gio'w laigei Watch 
the giowdh of the fiuit (pod), opeuiiig up jiocls of difteient 
ages, to see w^hat changes have occuued Hmv does the pod 
change in textuie and m colour as :t giows ohlei and laigei P 
Hoiv dues the iipe pod open to let the iipe seeds out P 
Do any changes occui ni the lest of the plant (leaves, etc ) 
wlule the podb aie iipeinng p What happens if you leave the 
plant uiid IS tin bed in the giound aftei the podb have ripened P 
What paits of tlie fiuitiug Bean-plant leniam alive duiiug 
the wiiitei P What will ne\L year’s plauts be pioduced fioni P 
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31. The Seed. — Examine some pods containing seeds, 
also get a supply of dij seeds (Wmdsoi Eioad Bean, about 
6d pel qtiait) ISTotice the black (oi bio'vvn) niaik on the 
thickei end of the seed (Fig 5) How was this maik on 
the loose seed pioduced^ How does the seed become loose, 
and what does it bieak fioni when the pod opens This 
inaik may be called the sccu of the seed-stall In what 
respects do diy seeds diftei fiom fiesh seeds P 



H J K 


E]g 5 — Seeil of Bioad Boau A, C, and H aio mows of the onfciio tseed , B, D, E, F, 
and Gr aio Muwa of the eiubijo (scecl coat icino\cd) , J and K, seed cut acioss (m 
J the cotyledons and ladicle aio icmoved, to show the ladiolo pocket) 

Put the chy seeds into watei, and notice that in a few days they 
have swelled and become smooth and lounded, like the tiesli seeds 
Fill a wooden box, at least a foot deep, with moist sawdust, bog moss, 
or soil, and jilant seeds about half an inch below the siutace See 
Cliaptei II foi detail > f . i iiii>> if > n In the young gieen shoot that 
comes above the soil 'i* -ii- ■ i ii- t- -i <ii i of the earliest leaves 

32 Seed-coat — Examine fiom time to time bome diy seeds which 
have been placed in watei, and notice that at fiist the suiface becomes 
tliioun into folds Cut acioss the seed, and note that these folds aie 
pioduced by a coaC which enelosG>5 the contents ot the seed Evidently 
the coat at hist absoibs watei and SA\ells moie lapidl}’- than the con 
tents , this loosens the coat and makes it much eabiei to remove in a 
seed tliat has been soaked m vatei foi a daj^ oi tvo The wimkling 
of the seed coat is voiy maikcd m Ficnch Bean and Scailet Runnei 



u 


THE BROAD BEAN PLANT 


33 Micropyle — How does the watei entei the sceeP H theie 
any opening 1 a the coat The iolds seen in the suaLiug seul usually'' 
appeal fiist aionnd the erh^a ot the seed , tins suggests that the Tvatei 
enteis soniewlieie on the edge Do jou lecall hon \\e found out that 
vaiious paits of the bean-pUut contained an, winch eomiminicateb \\ith 
the atniospheie openings on the siutace ot stem and Icavcb’ Per 
haps the seed as it lost watei took in an, a's a piece ot wood does in 
drying Diop some diy seeds into watii that has ]usfc been boiled, and 
notice the stieam ot b’flbbles given olf Wheie do the an -bubbles 
escape ’ Wipe this end of the seed diy, in some seeds that Jia\e soaked 
toi a few days, and look foi the oiieiinig , stpieeze the seed and see 
whethei water oozes out Tins opening is the imoop^le 

34 Seed-lobes, etc — Remove the coatfiom a soaked seed, staiting 
at the end opposite the scai Kote tlie two Jaige whitish 6eed-lobes oi 
coij/ledontj whose flat or slightly concave mnei sides aie pi essed against 
each otliei Wlien ;you have’s stiipiied off the upper pait of the coat 
pull off the lest of it (the pait covering the scai end) eritiie, like a 
cup Note the smooth tapeiing bod^ piojecting fiom between tJie 
cotyledons and pointing tow aids the end ot the scai wheie the micio- 
pyle 13 , also note tlie little pocket on the imiei surface ot the seed- 
coat, into w^hicli tlie piojecting body fits 

How pull apait the seed-lobes, and lemov^e one by bieakmg aciob*^ 
the shoib stalk by which it is joined to the thickest pait of the 
piojecting body This bungs to view^ a cuived body lying betw^eeii 
the seed-lobes, **fittiiig into a gioov& on the flat mnei'siuface ot eaeli 

lobe, and foiniing a continuous line 
witli the jii ejecting body Has it, 
like the lattei, an even suifaco, oi 
does it beai any outgiow'tlis ’ 
Examine it caiefully with the lens, 
and tiv to turn back the outgiovvths 
with a pin, without teaiing them, 
so as to make out the positions of 
the outei ones 

35, The Seedling (Figs 
5, 6) — The fiist leaf above 
gioimd consists of a single 
piece with its niaigm cut by 
shallow notches into tliiee 
lobes , the second leaf is divided 
deeply into thiee lobes, the 
middle lobe long and naiiow, 
the lateial lobes bioad and 
tiiangnlai Then come seveial leaves, each consisting of 
two &ti]3iiles and a shoit stalk which beais a pan of oval 



Fig b — Eailiestfoli ig^e laave-? of Bioad 
Belli 'Needling 
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leafletb (note then folded appeal aiice at fiibt) and is pio- 
louged into a iiidnnentaiy tendiil Aftei laeveial leaves like 
this we get leaves of the iiiatme type, ni which the stalk 
IS lengthened below the teiniinal pan of leaflets, and cairies 
two, thiee, oi foui additional leaflets Have these eaily leaves, 
like the latei ones, buds in their a-Nils In the hist two 
leaves that appeal on the young stem the thiee lobes evidently 
lepiesent the two stipules and the ludmientaiy tendiil 


36, Seedling compared with Seed. — Caiefully pull up 
a seedling without lujuimg the loot, and conipaie the latter 
with the loot of the matuie plant Tiace the young loot 
upwaids and the young shoot downwaids, and notice the tom 
seed-coat and the cotyledons In the a\il of each cotyledon 
theie is usually a bud The cotyledons aie theieloie leaves, 
though ditteimg fioni oidiuaiy leaves (foliage-leaves) in many 
lespects The}^ aie often called the “ seed-leaves 

The young plant, oi seedling, has evidently gi own fiom the 
whole of the seed-contents (i e eveiything inside the seed-coat), 
foi we have seen that even the cotyledons aie leaves, having 
buds in then axils The cotyledons aie the fiist leaves of the 
young 2)lant, which is called the emh yo while still inside the 
seed The embiyo consists of an axis which beais the two 
cotyledons at about the middle, and which ends in a loot^ 
(coveied by a loot-cap) at one extiemity and a bud " (beainig 
young foliage-leaves) at the otliei 


37. Seedling compared with Mature Plant. — We 

ha\e noted the simple foim of the eailiest leaves as coin- 
2)ared with the oldei ones The cotyledons aie opposite each 
othei and ai e attached to the same point on the axis, but the 
eaily foliage-leaves show the same aiiangement (alternate, in 
two opposite lows) as in the matuie jilaut The loot of the 
seedling shows the same geneial ajipeaiance and stiuctuie as 
that of the matuie 2)lant, into which it glows, latei on foimiug 
the chaiacteiistic nodules 


^ ''J’lic loot ot tlio is teiiiicd the radicle 

~ Tile shoot Ijiid ol the einbi^ o is called the plumule 
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If you -vveie unable to get matuie Bioad Bean plaiitb ’vvlien 
YOU began woik, you Y^iil find it very easy to lai&e the plants 
iiom seed m pots o± soil indoois or in the garden Some 
plants should also be laised in “cultuie solution” (Ait 143) 

We have seen that the use, puipose, or function of the 
floweis IS to pioduce the iipe seeds Latei on we shall study 
the tunctions of the leaves, stems, and loots At piesent, 
howevei, we shall take up the geiuunation of the seed, foi 
this will lead us at once to make expeinnents — the only way 
in winch we can gam any leal insight into the life of plants 
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SEEDS AND SEEDLINGS 

38, The Germination of the Seed. — We have seen that 
the Bioad Bean seed contains a young plant and is covered by 
a seed-coat , that the young plant conbi&ts of an axis which 
beais at one end (ladicle end) a i cot-cap, at the othei end 
(plumule end) some young foliage-leaves, and at the middle 
a pail of laige seed-leaves , that when the diy seed is placed 
in watei it swells up , that when the soaked seed is j^laiited in 
moist sawdust or soil the seed-coat bleaks open, that the 
radicle end of the young plant’s axis giows down into the saw- 
dust 01 soil and foinis the loot, and the plumule end glows 
upwaids into the an and foims the shoot, while the seed- 
leaves remain m then oiigmal position , that the young shoot 
keeps foi a time the hooked foim which it has while inside 
the seed-coat, but giadually stiaightens out as it glows up- 
waids, and that the young plant oi seedling which arises in 
this way gradually glows into a inatuie plant 

The changes thatocciu, fiom the time the dry seed is placed 
in watei until the young plant estabhshes itself, aie all included 
in the teim qe) nwiation The young plant in the diy seed is 
alive but doiniant, and the germination of the seed is simply 
the awakening of the young plant to active life and giowtli 
Bioad Bean seeds (and those of most othei plants) 
gei inmate best when sown within a yeai of then iipenmg, 
the longer seeds aie kept the fewei will geimmate and the 
feeblei will be the giowth of the le suiting plants Bioad 
Bean seeds will sometimes geimmate aftei being kept foi six 
yeais In othei plants the seeds may lemain alive foi a 
lougei tune, but the emhiyo, though doimant, is living and 
theiefoie giadually losing substance by respiiation, besides 
losing water to the dry aji aiound it 
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39 Hints on Fitting up Apparatus — ^As you will he con- 
stantly called upon diuing the couise to accuiately fit flasks, etc , ■\MtIi 
coiks boied with one oi moie holes, and bend glass tubing to vaiious 
angles, you had befctei mastei these snnxile opeiations at once 

[a) Pit a Flask of Medium Size witli a Coik — Select a cork a 
little too laige , wiap it in a piece of pai^ei and, using gentle jiiessure 
wit]i-\oui toot, loll it to and fio upon the gioiind This softens the 
cork, and the iisk c>f bieaking the neck of the flask is lessened If still 
too laige, file down the cuik erpially all round 

{h) Bore a Cork Lengthwise and Fit a Glass Tube tightly 
into the Hole made —Select a coik-hoiei (Pig 8) blightlv less m 
diMinetei tlian that of the tube to be fitted into the cmk The cork- 
boiei IS a brass tube about 5 in'? long shaipened at one end At 
the otliei aie Uio small lioles opposite each otliei , tJiiough these 
the aecomp4anying non lod iiia\ be thinst to sene as a handle 
The boiei'5 aie geneiall} juit up in sets of ihiee or moie Place the 
cork against the edge of ;soui bench, as shoAvii in Fig 7 Press the 
boiei gently into the iiaiiowei end of the coik and it altcincLtely 
louncl to light and lelt Tlie boiei must be sliaip to make a clean 
cut, and the tube must fit tightly 



Now take tbe coik piejiared in (a) and bore two parallel holes m 
it similar in position to those m tlie wash-bottle (Fig 11) 

(c) Cut some Glass Tubing about i in in Diameter into 
Lengths 4 to 6 inches —Lay the tube flab on the bench and uith a 
shaip tiiangulai file make a scratch acioss it wheie lefpmed, tire 
piessiiie Ufc>ed being regulated by the thickness of the tube Now 
hold the tube in both hands, with the sciatch a^uay fioin the hod}^ and 
the tips of the thumbs touching each othei just oiiposite the sciatch 
Bleak the tube by bending it, giving a pull at tlie same time Rfjiind 
ofl the shaip ends by fusing them in the Bunsen flame 

{(1) Bend some pieces of Glass Tubing to form Right 
Angles —Use an oidinaiy spieadmg gas flame loweied until it is 
about 2 ins acioss Place the tube over the Ihime loi a few seconds, 
and gradually bung it down into the hottest pait, a‘3 shown in Fig 9 
Turn the tube luuncl and lound till it softens, then allow one end 
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to fall until it make'^ the lequiieJ angle The bend should be loiind 
and smooth , the Bunsen flame is apt to gne buckled bends, (Fig 10) 





(e) Bend some Tubing" twice at K.ig'lit Angles so as to foim 
Tbiee Sides of a Rectangle — When laid down all thicc •iides must 
touch the bench 

(/) Make two Nozzles. — Hold a piece of tub- 
ing b}^ botfi ends , soften the middle, and pull the 
ends slightly apait Cut the tube thioiigh and 
louiid ofl the ends 

ig) Comiilete the Wash-bottle — Bend suit- 
able pieces of tubing to loini angles equal to those 
seen in the u^ash-bottle in Fig 11 Push them 
thiough the coik piepaied in [h), and attach a 
nozzle h}'- means of an inch oi so of i ubher tube 

40 Experiments — In making expeiiments, 
sketch the appaiatus used JNIake notes of tlie 
mateiials expeiimented with (name of plant oi pait 
of plant, numhei, condition, stage of giowth, etc ) , 
the duration of the expeiiraent, date, time of day , 
the external conditions (tempeiatiu e, light-mtensit}", 
humidity, baiometei -reading, etc ) , the precautions which seem neees 
saiy, and the soiiices of eiioi -which may spoil the results 

Alu ays make “ contiol” oi “check” expeiiments, using the same 
form of appaiatus, set at the same time, but -with one oi othei of 
the conditions difleient, e r/ in daikness instead of light, with the 
plants omitted ; with killed instead of Ining plants, with plants in 
diileient stages of giowah Al&o make “repeat” expeiiments, using dif 
ieient plants undei similai conditions oi the same plants at difleient 
times ot } eai oi da} , etc 

It yoiii expeiiments do not succeed, tiy again, if they give dis- 
coidant results, try to account ±oi tlieue and to think nut a method for 
a lepeat cxpeunient undei difleient conditions, wnth special piecau- 
lions, OL foi making a new^ expeiiment altogether In drawing con- 
clusions, ti} to distinguish lietween piobabihty and actual pioot 

Foi vanous expeiiments with plants }ou wnll need (1) a rough 
balance foi large weiglits, and (2) a finer balance foi smallei w^eight«. 
Foi the fiist, cooking scales wuth weights from 7 lbs to oz , oi a 
cheap spring-balance, wnll suffice It }0ii have not a small balance. 
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get a cheap x^aii of apotlieoaues'' scales {aboiit 4 s ) and suspend them 
fioni a “I sliajicd wooden iiame ii\ed to a boaul below It you get a 
binglo gi amine- weight and the fi actions, 3^011 can make duxdicate 
giamiiic-'weiglits troin sheet lead 

The metric system oi weights should bo used The unit of length 
mtlns system is the metie, a platinum lod kept in Pans and onginally 
supposed to be a teiitli-milliontli pait ot the clistanre from the Noith 
Pole to the Ecxuatoi The inetie is multi plied and dn^ided b\^ 10 for 
the higliei and lowei measuies of length, the (heek piefiYCS deca-, 
liuio-, and lepieseiit 10, lUO, and 1000, and the Latin piefl\ea 
centi-i and milh- leineseiit 1, 01, and 001 The same piefixes 
aio used in the othei measuies Tlie unit of volume is the cubic dooi- 
nieLie, 01 litie, but the cubic centnnetio (z c tlie niillilitie), usualty 
wiitten “00 ,” is often u-^ed foi volumes less than a litie (1000 c cs ) 
The -weight ot 1 0 c ot clibtillod ■\uitei at 1° 0 is tlie unit of weight, 
the gfi'amine, with multiples and subdivisions as betoie 

Place an mch-iulc giaduated to tenths 01 eiglitlis and a oentimetre- 
iiile giaduated to millinieties edge to edge, and hiid how many centi- 
me ties aie equal to a foot If the scales aio acemate, you should get 
the numbei 30 5 


Metric Equivalents (Approximate) 


1 inch = 25 centimeti es 
1 ounce (avoii ) = 28 giainmes 
1 fluid ounce = 28 c cs 


1 ceiitimotie = -| inch 
1 giainmc = 15 giains 
100 c cs = 3| fluid ounces 


41. Crermiuatioii Jais — Into a laige wide mouthed glass jai put 






Fig 12 — Geiiiiimtion J.ii The seeds (Pta, Bioul Jiuin, Siuiilowot) have had tlio 

* liUtd-coat lUitl QUO Cotyledon loino^ od 

a lollecl-up xnece of blottmg-papei, then fill up the jai wnth sawdust, 
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keeping the paper piessecl against the glass Place seeds m difieient 
positions between papei and glass (Fig 12), and pom in watei enough 
to moisten sau'^dnst and papei Fit up a to^v ot tliese jais, because 
latei on you will ha\ e seeds of scveial kinds to gei ruinate Sphagnum 
(bog-inoss) IS bebtci than sau dll'll , it is eaMci and cltanei to use, and 
it letains watei bettei Tunihleis oi lamp-glasses may be usediii'^tead 
ot laige glass jais 


42 Grlass-sided Boxes —Get tuo oblong wooden bo\es (depth 
should be at least a iuol foi the long lOots ot Bean seodlingb) 

[a] Remove one of tlie longei sides andieplace it by a veztieal sheet 
of glass , at each end of tlie box tasteii a sfciip ot wood on each side of 
the glass, oi simply knock tacks m to keep the glass side in position 



Fig 13 — Gliihs fiicliJd Gu-nuination Box, \Mth '3oeilImg'. of Oioas and Wheat 


[h) Make a siindai box, but fix tlie glass side so that it slopes down- 
uaids and inwaids (Fig 13) Fill the boxes vith moist savdust and 
place the seedb close to the glass 


43. Early Stages of Germination. — How do tlie a oung 
loot and tlie young shoot eiueige fiom the seed-coa.t ^ Which. 
IS the fiist to ajipear on the oulside'^ Notice the V-sliaped 
split in the coa-t along the edge of the loot-pocket, caused by 
the loot swelling up and laisiug the outei wall of the pocket 
as a tiiangiilai flap (does the apex of tlie tiiaiigle leach as fai 
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as tlie opeumg ’ in the seed-coat oi not ?) The btalk of each 
cotyledon glows m length, pushing the cotyledons apait and 
allowing the ciuved shoot to giow out between them What 
lb the advantage to tlie young plant in the fact that the 
loot emeiges befoie the young shoot ^ What advantage is 
theie m the hooked foim of the young shoot ^ 

Make Sketches (in this case twice the natuial huc will be huge 
enough) of (1) enbue seed tiom the scat end , (2) same horn the liont, 

2 e thickei edge, shovMiig the poie and the bulge caused liy the root, 
(3) same m aide Mew (4) side view showing the tuanguhn flap being 



Pig 11 — 'atigcrt iJi Cluiiiiiiiiitiiiii ijf liiiMul Jltiui hcjL<ls, pliLiitua in \ iH ihuh positiona 


piislied oil by the gi owing loot , (5) fioiiL view Hhowing the same , (0) 
side and (7) lioiiL views ot cinhi^o .lUei leuioving seed coat, (8) seal- 
end poitioii of empty seed coat, sho^Mng the pocket into wliic li (.heioot 
hts , (0) side and (10) tiont views of cnihiyo wuLh one seed leal; iiioken 

^ The eiioiieous statement that the radicle glows out through the 
miciopyle iii geiinmation is oiten nude in hooks Tins opening in the 
seed coat doubtless hel]is the swelling ladicle to split the coat, since it 
foims a weak spot, Imt a glance at a Jhoad Bcun seedling shows that 
the ooat splits along ilio edge ot tlie ladiclc-poeket, the line of w’-eak- 
iiess, and that the split does not leach as far as the iniciopyle 
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off, (11) section tliiough 's\hole (soaked) seed, to show pocLet with 
loot litting into it (cut between seed-lea^es) Also sketch vaiious 
stage'll in geiiiimation oi: bceds })lanted in difieient positions and at 
dilleient depths in yoiu ]ais and boxes See Fig 14 


44, What things are needed to make the seed 
germinate ? — Wliat have been the siuioimdingb of the seeds 
whobe geimination you have been studying^ Wiite do'wn 
these things as they occui to you The seeds weie steeped 
in water, placed in soil (oi sawdust), exposed to light and 
air, and supplied with a ceitain amount of warmth ISTow, 
which of these things aie absolutely essential foi geimi- 
uation ^ 


* Can 3 ’'ou devise a simple expeiinient to show that a seed can geiiiii* 
nate in the an, without aii}-^ soil oi sawdust foi the loot to giow' 
into’ In what condition would the au have to 
be kept dining the expeiimont ^ Get a wnde 
mouthed glass jai and poui into it enough watei 
to covei the bottom to a depth of an inch oi to 
Then stick a long pm thiough a soaked Bioad 
Bean seed and fix it into a coik (oi a piece o± 
wood to covoL the mouth of the ]ai), mveiting 
the lattei so as to bung the seed into the ]ai 
(Fig 15) The seed wull gei annate in the moist 
ail Keep this simiile piece oi appaiatiis foi 
latei ex pen men Is 

Will a seed gei inmate if keptdiy ’ Place some 
diy seeds m di^ sawdust and otheis ni moist 
saw'dust (ail inch below^ the sin face), compaie 
the leaults aftei a week or tw'o 



45 How to dry Seeds, Seedlings, etc — 1^'S 

Aie the “diy” seeds sold liy the seedsiuan liuite 
dij', 01 do they contain an} water at all’ Into a dry test-tube 
(waim the tube all ovei to make sure it is quite diy) put a 
“di}''” seed and heat gently o\n a Bunsen oi spniL-lainp Kotice 
the drops of water winch condense in the coklei upxici pait ot 
the tube Weigh about 20 “di}^” sceck, and diy them thoioughly 
without scoiehmg oi chaiiing them at all Thi^ is best done b}’" 
placing the seodb ioi a few hoiiis in an oven, oi by means of a 
sand batli oi a wwtei bath Tlien compaie the w^cight of the 

tlioioiighly diied pieces and find oni ih- }•- i i_ veight of watei 

which the ‘‘diy” seeds ongmall} i.i im -I k- h I'b about 10 per 


Thioughout this book asterisks are used to indicate a coiuse ot 
expeiiments wfinch aic ot tiindainental impoitance 
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oenti ) Tins amount of watei, though not sufficient to allow ot gei- 
li ' < ^ ^ ’ dently iieoessaiy loi tlieseedtoieinainalive 

I ' ^ ■ The weight found after thorough drying, 

witiiout) cnaiiiiig, is calieu the diy-weiglit of the seed oi seedling 
* To diy seeds, seedlings, leaves, etc , without chaiiing them, use a 
slow ove"n, a watei-hath, ol a sand-hath ovei a small flame A simple 
sand-hath consists ot a shallow tin oi pan filled with sand, suppuited 
on a tiipod and lieated below as usual, the seeds being placed m a 
smallei tin oi a saucer lesting on the sand 


46. Absorption of Water by Seeds. — In the absoiptiou 
01 imbibition of watei bj dry seeds we have an interesting 
stib-ject foi investigation Imbibition is due to the atti action 
of the pai tides (molecules) of the two substances foi each 
othei, which paitly ovei comes the cohesion of the molecules 
of the imbibing substance, making them sepaiate so that the 
substance swells It makes the tissues moie poious by 
sepal ating the molecules and is thus an impoitant aid to 
osmosis (Aa'fc 51) — the piocesb wlneli coutiols the diffusion 
of liquids thiough niembiaiies Imbibition is inci eased by 
waimtli and by the pieisGUce of dilute acids and alkalis, but 
is diminished by that of salts The woik done in imbibition 
IS shown by the foice eveiLed by swelling seeds oi wood, and 
by the fact that heat is given off 

(a) Keep some seeds in a diyiiig-ovon oi diying-haUi until 

they show no fiiithei loss in 'v^eight, and then find out irliothei they 
swell up in \vatei and whethei tli v ■ results will 

show that killed seeds still hav^e the ■ - • ■ water 

* (Ii) WJien a diy seed is placed m watoi, how much does it absoih, 
and what piopuitioii do the volume and woiylit ot the ahsoibccl watei 
heai to the volume oi the diy seed ■' AVcigli twenty diy Beans , poui 
watei into a giaduatcd \objsel until it leachcs the 150 c c inaik, tlicn 
diop lu tlie beans, and shake the vessel to get iid of any an incsent , 
the use in level gives the volume of the Bonus dkike them out and 
place them in moist sawdust foi two da;^ s, then 'wqie them diy, weigh 
them, and find then volume ns beloie If you have no giaduatecl 
vesseL, use a glass lai with a stup of papci, niniked into inclies oi 
centimeties, gummed on the outride ot the yii Beans nbsoib about 
130 pel cent of then owui diy weiglit ot watoi 

* (c) The spelling of seedh by iinbihition of valei can be easily demon- 
atiated to a class Put about 30 gi amines oi diy Peas and an equal 


See footnote on p 23 
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amount of -Ratei into a naiiow cylindiieal glass jai Covei the Peas 
with a cuik , smeai the edges of the coik so that it can slide mside 
tlio]ai, and pass a theimoinctei thioiigh a hole hoied m its eentie 
the coik down with lumps of lead or a nunihci of weights 
and maik its position by gumming a stiip of papei on the outside ot 
the jai Pit up a “contiol” expeiiment m which a coik with a thei- 
mometer hangs into a jai containing some watei but no seeds jSTote 
the Use ot the coik as the Peas swell and push it up, and compaie the 
tempeiatuies, at the beginning and end of the expeiiment, in the jar 
containing the Peas and that containing watei (or that of the sui 
lounding an) 

{(I) Does imbibition cause use of tempeiatuie in dead substances as 
Mell as in seeds ^ Put some powdoied staich into a tumble! , to form a 
la\ei about an inch deep, put an equal amount of watei into another 
tumbleij and set a tlieimometei uito each When the two tempeiatnres 
aie equal, pom the watei ovei the staich, stii with the theimometei, 
and note the use in tempeiatuie (how manj’- degiees 0 

* {e) If a small wooden box {eg a cigai-box with the lid fastened 
down 1)}' taclvS) ib filled with diied Peas and tlien immersed in uatei, it 
will bill St as the Peas absoib watei and swell Tiy this expeiiment 
A laige mass of swelling Peas may lift a weight of moie than 
100 lbs 

( t ) Tbe f 01 ce exei ted by swelling seeds can also be shown filling 
an oidmaiy naiiow -necked bottle -witli Peas, and placing it under 
watei in a basin , the bottle should be left uncoiked, and some lubber 
bands should be put loimd it to pi event the sliatteied glass horn being 
till own out Anothei method is to fill "with diy^Peas an empty labbit- 
skull and let it lie in watei , the bones will be toin apait along the 
seams (sutiues) wheie the}^ join each othei 

^ {(f) How IS the absoiptionof watei b} seeds affected by temperature ? 
Weigli about 30 giammes of diy Beans oi Peas, place them in a beaker 
of watei at 3o° C , set the heakei on a sand bath -with a theimometei in 
the w^ater, and keep the tempeiatuie stead} at 35*^0 foi t-wo horns 
At the same time place an equal weiglit of seeds iii cool watei, with a 
theimometei , fiist let the watei stand foi a time till it acqunes the 
tempeiatuie of the lOom At tlie end of tw^o liouis, w ipc diy both lots 
of seeds and cnnipaie the incieasc in weight iii each case The seeds 
that liave been kept in watei at C wall ha\e absoibcd fiom two to 
three times as much as those kept in the cool Avatei 

* (h) Weigli about 30 giammes of di} Peas and place them in a 10 pei 
cent solution of lalt in a beakei ui tuniljlei At the same time put a 
similai weight of Peas in distilled watei (oi tap watei) Compaie the 
w’'eights of the two lots of seeds attei two horns, wiping them diy 
bctoie w cigliing Which lot has iiici eased most in w eight 
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47. Where does Water enter the Seei 

Beaus oi Peas aie placed m boiLug watei, r 
the iiiiciopyle When a di j seed is placed in 
sawdust 01 soil, does the water eutei solely b} 
01 does any eutei tluough the seed-coat 

{a) In a box of inoibt sand, which niiisfc be Kept 
watei eveiy clay, plant thiee lowa ot Bean?, those in 
the seal end clownwaicls, those m the second ^sitli 
Maids, those in the tluid laid flat m ith the scai al 
them into the sand so tliat each seed ib half biiiied, 
geinninition ot the seeds in the tluee iom's 
* {h) Gould -watei entei by the sctii it the nuciopyle 
up’ Seal the niiciopyle in some dtj seeds (\veigli 
sealing) -with sealing-wax, plastioine, lubbei solution 
cement) , put the sealed seeds iii -watei along -with >• 
seeds Mdnch have a"* - ^ ' Wipe diy and 

and unsealed seech ' out which lot i 

most lapidly and vdiich mov,t slowly When ini'- 
ahsoibeci the inaxnnuni amount ot watci (about 
Bioad Bean), seeds witli scaled iniciopyle that Jia 
foi the same length ot tune v ill have absuibed only a 

48. How does Water enter the Seed 1 

some diy Bioad Bean seeds into a jai, fill tl 
watei , and let it stand open foi a few days 
that the seeds swell up bat do not gei inmate ( 
buiftt tliioLigli tlie seed-coat), and ascunifoim 
of the •watei, wliicli aftei a time becomes 
smelling The scum, cloudiness, and b.id smel 
giowtli of ‘"gemis,” 01 hadoia, wdncli liavc e-s 
fiom the an, tliough some may have been pi es« 
(unless it was boiled foi some time) oi on tl 
they WGie washed with foiiiialin oi otlici subs 
geims) Bacteiia can only glow in the pios< 
mattei , hence the seeds have not meiely absu 
have also lost some oigamc mattei, avJucIi has 
watei aiouiid them This loss occuis oven who 
IS sealed up wntli sealing-wax:, lubbei -cement, 

49. Capillarity and Osmosis in Seeds, 

the seed partly by way of the poie (miciop 
thiough the seed-coat Tlie miciopyle is a ca 
the cavity of the seed, ■\vliich diaws waiei in 
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The watei passes round the edge of the cotyledon^, into the 
space between them, and into the ladicle-pocket Watei 
also eiiteis by osmosis thiough the seed-coat, and at the 
same time pait ot the solid mattei contained in the young 
plant passes out, in solution, into the watei This substance 
which escapes fiom the seed is laigely cane-sugai in the case 
of the Bioad Bean When the caigo of a wheat-cairyi^g 
ship becomes damaged by watei on a voyage, the weight of 
the Wheat when diied again is found to have sirffeied con- 
sideiable loss by sugai passing out into the watei We shall 
see latei how the Bean seed and Wheat giain come to contain 
sugai aftei soaking in watei and beginning to geimiiiate 

50 Capillarity “The fiee siuface ol watei (and othei liquids) 
behaves much as though it veie co^eled liy an elastic membiane 
(sill face film) It is this surface tension that diav s the laindiop 
into the foim of a spheie as it tails tlnough tlie an, and that causes 
vatei to loim into spheres on a dusty flooi oi on the leaves of many 
plants {oi on any surface which is not wettable by water) The cause 
of suiface tension I's the attiaetion of the pai bides (molecules) of watei 
foi each othei This atti action extencK throughout the liquid, but 
only the moleciilefc, at tlie suiface show its influence, because it is only 
these that aie not pulled even^^ in all diiections by water -molecules 
on eveiy side 

When open glass tubes, ha\ ing a veiy small boie, aie held vertically 
m a liquid, theie is always a dilfeience between the le^el of the liquid 
inside the tube and that of the liquid out'^ide If a glass tube of this 
kind be placed in v atei , tlie level of the v atei in the tube will be above 
that ot the uatei outside, and the siuface of the water in the tube Mill 
be concave In the case ot meicury, the level inside will be below that 
outside, and the suitace will be convex The finei the tube, the inoie 
marked u ill the icbult be The liquid only ascends ivhen it ib capable 
of -vvetting the sides ot tlie tube 

Hence Me lune tM^o Linds of capillaiy action— in one the liquid M^ets 
the tulie, ascends, and has a concave suitace, in the othei it does not 
M^et the tube, descends, and has a con\e\ suitace We need only deal 
MUtli the capillaiy ascent of Msxtei, mIiicIi is of impoitance iiiplant-lite 
It the tube (supposed ciiculai in cioss section) is 1 in in diameter, the 
M^atei uses 0 054 in , it 0 1 in in diametei, tlie M’-atei uses 0 54 in , and 
so on In a tube 0 001 in ni diamctei the watei uses 54 ins 

This cainllaiy action is closed'’ coimeclcd wntli the siuface tension 
of the Matei, and it is theiefoie natiual that the total lilting loice 
Mfliich suppoits the column ot M'atei bhoiild be piopoitional to the 
cucnmfeience ot the tube The cncumfeiences ot tubes increase 
in the same piopoition as then diamctei s (ciicumteience of a cucle 
== 3 14 X diamctei), hence a tube 0 1 in in diameter Mill lift above the 
M'^atei-leiel ten times as iiuicli M^atei as a tube 0 01 in in diameter 
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But the area of the watei -column inciea^es as the squa-idb of the 
diamoteis of the tubes (aiea of a eiiole = 785 x squaie of cliainetei), 
hence the WLdei tube onlj" lift its column one-tenth as Ingli as 
the nariowei one, its load being then ten tunes as gieat 

Fine tubes that show this plienoinenuu well aie called capilla y 
{i e hail -like) tvheb, and the phenomenon is known as capdlcDity 
The “ soaking up ” of ink by blottnig-p.ipei is an example ot capillary 
attraetioiij the fabies of the lilotting-papei being ieall3' minute tubes, 
wlio&e substance is “ wetted” by tlie ink, so that the level ot the liquid 
uses consideiabl^’’ in the tubes 0th ei cases aie the ‘‘ sucking up” of 
watei by a lump of siigai, the lining of tlie melted wax: in tJie wick of 
a binning candle oi ot oil m a lamp wick, and the diffusion of \\aiei 
tliLOiigh soil 

51 Osmosis — When laisins aie placed in watei, thej?- svell up 
just as di3" seeds do On the othei hand, if grapes aie placed in 
a stiong faolution of sugai, the^^ shrink The swelling of the diied 
seeds oi laisuis and the shi inking of the fiesh grapes are due to osmotic 
y) essm e 

If we place in a vessel of water a bladder filled with a stioiig solution 
of a substance ha\ ing an “ at ti action ” for water, e q sugar, a laic/e 
amount of the ^vatel will diftiise (pass by osmosis) into the bladder 
{e}idobmo 9 ib)j while a bmali amount ot the solution will difluse out 
(ei06wmi)i9) The weakei solution cbfiuses fastei, and this contimies 
until the same concentiatioii is aci[Uiied, when ^ 

in both diiecbioiis, and lienee apparently ceases i 
IS set up inside the bladdei, oiving to lapid eiidosmosis 

^ 52 Thistle-tuhe Experiments — {a) (let a thistle- tube (“ thistle 
funnel,” with IS-mch tube, 3 d oi 4 d ), and 
piepaie a stiong (about 10 pei cent ) solution ot 
sugai, coloiuing it b^’’ adclnig led ink if the 
expeiiment is to he shown m a class Get a 
butcher to clean, inflate, and diy a slieep’s 
bladdei for 3011 , cub out a piece huge eiioiigli to 
tie ovei the wide mouth of the tube, and soak 
lb ill watei 

Plug the naiLOv end with a hit of plasticine, 
poui into the ^Ufle end enough solution to 
fill the head and an inch 01 so of the naiiow 
part, tie ovei the mouth the piece of hladdci, 
inveit the tunnel, and lemove the plug of 
plasticine Then fix: the “funnel,” head ejown- 
waids, into the eoik of a wide montfied glass 
jai containing ■vvatci, so that the coloiiicd siigai 
solution in the tube is level with tlie vatoi 
(Fig 1(3 v) Observe the use of the liquid 111 the 
tube of the fiinuel, also show that a little of the 
siigai solution diffuses into the watei, by ovapoia 
ting the liquid m the dish to diyncss, wJicn a 
small lesiclue of sugai mil icmain If the sugar solution used is stiong 
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enough, the prc'sence of sugai In the water ouuaine or rnc ums 
may bo detected hy tasting 

(b) Repeat tiie expeiiment using common salt (al30ut 20 
instead of sugai in tile bulb and distilled watei instead of i 
in tJio jar Fioni tune to time take a little A\atei out ot thej 
in a test-tube, and add a diop of silvei nitrate, a white pi 
shows the piesence of salt in the water 

When the lirpnd stopii using in the tube take the tlnstle-fu 
leplace the watei in the jai uitli a vei^ stiong solution of sail 
bulb in again, and note that the liquid now falls in the tube (' 

53 Osmotic Pressure — Caieful experiments with siutal 
biancs have shown that the osmotic pies&ure set up by a 1 j 
solution ot saltpetie is enougli to suppoit a column of wd 
100 feet high, i e equal to a piessuie of atmosplieies, oi m.\ 
50 lbs pel sqiiaie inch Some idea ot osmotic pre&siue nia^ 
tamed liy using appaiatus fitted up like that shoivn in jFig 
thistle- tube like this costs about 6d ) Tlie piessuie can be n 
by pouiing meicuiy into the bent tube, so that at fiist the me 
at the same level in the two limbs of tlie tube, and noting tin 
to winch the meicury is pushed down in one limb and use 
other The coik should be split so as to ti\ the tube in it (th 
shown in Pig 16a, but the use of the eoik is meiely to hold 1 
in position) 

The piessuie set up by endosraosis lias an impoitaiit apf 
m coimecbion with lOOt-absorption and otbei piocesses m plant 


54. Properties of Water. — Since watei is abs( 
essential m connexion witli tlie geimination of seed 
otliei piocesses in plant life, you sliould study, m bo( 
Olieimstiy and Physics, the vaiious chemical and pi 
piopeities of Avater Get cleai ideas on the following 
and as fai as possible make expeiimeiits for youiself, 
you have already gamed a thoiough piactical knowle( 
the subject 

The three states in which watei exists, tlie impuiities of i 
watei , filfciation, solution, evapoiation, distillation, couden'^ 
the gases dissolved in natuial watei , the theimometei , alcoho 
Giuy, maximum and mimnuim, and black-bulb thermometois , « 
of state , fieczing and boiling points , expansion of watei when 
fiom 4" C to 100’ C , and its. expansion vdien cooled fiom 4° < 
tempeiatuie ot nia\imiim density of watei) to 0“ C , conductu 
convection of heat , specihc heat , latent heat ; unit of heat 
position of watei, as sliown by analysis and by synthesis, pioj 
of hydrogen and of oxygen 
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55, Is Air required for Germination? — The seeds in 
yoni geinimation jais and boxes aie exposed moie or less 
freely to air It is veij easy to find out whether air is essential 
foi geinimation, by depuvmg the seeds of an, or by confining 
seeds in closed vessels containing diffeient quantities of an 
and compaimg the results 

Take foiu glas& jais, all of the same size, and provided with well- 
Btfcmg coiks (Fig 17) Fill these jais to diffeient heights with moist 
saiicl, marking each jai into five equal pai ts, and putting into the first 
jai enough sand toieaeli the lowest niaik , into the second, sand up 
to the nevl inaik, and soon Tlio iourtli ]ai will thus contain foui 






Fig 17. 


times as much sand, and theiefoie only a quaibci as much air, as the 
fiist Into each jai now place si\ soaked Beans (oi twenty Peas), coik 
tightly, and seal with plasticine and vaseline In which ]ai do the 
seeds geimiiiato best ’ Do tlie icsults suggest that geimimUing seeds 
cause some ohaiige in the an, tliat they use the an n[) ’ 

Aftei tluee oi fom daj^s, caiofnlly icmo^o tlio coik fiom one of tlie 
]ais and lowei a lighted tapci oi matcli into it nolo what happens 
Open anoLlici of tlie lais, and dip into it a glass lod which has been 
dipped into oleai limouatci (oi baiytawatei, made hy shaking up 
some barium hydiate with watei and filteiiiig) 
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56. Respiration of Germinating Seeds. — These experi- 
ments show that geimmatmg seeds absoib oxygen and give out 
caibon dioxide, so that a oeimmatiug seed changes the an 
aioimd it in the same way tliat an animal does by its bieath- 
mg Since the same change is pioduced by binning in an a 
candle (which contains caibon) oi a piece of chaicoal (which 
IS piactically puie caibon), we see that the respiiation oi 
biea thing of a geiniinatmg seed, oi of an animal, i^ simply a 
piocess of oxidation, a slow burning of caibon Hence the 
seed must contain caibon in some foiin, we shall letuin to 
this point latei Meanwhile, here aie some fuithei expeii- 
ments on the lesjniation of geimmatmg seeds 

* [a] Get cl wide-iTioiithecl jai witli a fitting coik , bend a glass 

tube twice at light angles, so that the tv o paiallel legs v ill be of about 
equal length, and tliiongh a hole m the coik piibli one of the legs until 



it neaily leaches the bottom of the jar (when eoiked) Fill a small 
muslin bag with soaked Peas, mi\ed with bits of soaked Spliagiium oi 
clippings ot V et siionge, and hang the bag to the lowei side of the 
coik bj'' means ot a bent pin Put a bit of sponge soaked in caustic 
potasli soluLion^ in a small wide-neckecl bottle oi an egg cup and lovei 
it into the jai (Fig 18) Smeai the top ot Llie coik and the iim of t]ie 
jai with plasticine Put the outside tube in a tumblei oi open bottle 

^ This solution iapK% absoibs any caibon diovide in its ncighboiu- 
liood, but tile caibonate of potash foimed is noluhle 
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of watei colomed with led mk , keep the appaiatus in a fairly waim 
place, and note any visible result 

Aftei a cla}^ oi two, when yon lind that no moie water seems to 
be coUecbuig at the bottom ot the 3.11, laise the coik and mseit a 
lighted tapei No^^ wiite out an exact account ot what has hap- 
pened during this e'^peiiiuent What changes in the an have been 
wi ought by the geiminatiiig seeds ^ Whj'- does the Av^atei pass ovei 
tliiough the bent tube tioin the vessel outride into the jai ’ 

* (6) In the last expeimicnt the carbon dioxide piodiiced by the 
germinating seeds was alisoibed by the caustic potash solution m the 
sponge Omit the lattei tins time, half-fill tlie pai (Fig 10) with 
soaked Pea'^. 01 Beans, and fix the l)eiit tube so that the end of one 
limb IS above the level ot the sctds, Mhile the oiitei limb dips into 
a bottle containing lime watei oi bai^ta water ^ 
in a vaini place, and notice the bubbles of cdibun 
dioxide which aio guon ofl, and which eaiise a 
wdnte pieeipitate 

* (t) Take thiee ‘'tnd three nan ow jais 

(or test-tubes a litLlo widei than the U -tubes) 

Place in one aim of cacli U tube (Fig 20 ) six 
soaked seeds (Peas 01 Wheat), then invcit tlio 
U“tube aitei mseiting a coik, \uth a wad ot 
soaked cotton wool to keep the seeds moist 
Half-fill the 3ais 01 test tubes witli (1) walei, 

( 2 ) sbiong caustic iiotrash solution, ( 3 ) stiong 
solution of p3'’iogallol in caustic poLdsh, and place 
the open ends of the (J -tubes in the test italics 
If you have no suitable nail on ]ais, siippoit the 
test tubes in a stand 

Notice that m ( 3 ) the solution soon rises in 
tlio inverted (J tube (how fai docs it use, and 
wh^'-’) and the seeds geimiiiate \ei3'- htllo (wdiy ’) , 
in (2) the solution uses, moie slowly, and to Iho 
same extent (why ’), and the seeds gei minate w'ell , 

111 (1) the ivatci liaidly uses at all, though gernniiatiou occiiis as in 
( 2 ) What has happened in each case’ In ( 2 ) the seeds absoib 
oxj'geu fioni the air and give out caibon dioxide, wdiich is absoibed liy 
the potash solution, and the lattei thoiefoie uses slow ly in the (J tube 
foi about a fifth of its length , 111 ( 3 ) the potash and 03 i ^ ^ , 

absoib the oxjTgon of the air in the U-f'Ubo la I ‘ ■ 1 

rise m (1) 



57. Intra-molecular Respiration — In ilie foiegomg 
expel imeuts it is cleai that 1101 mal gei mi nation does not 
occm unless the seed is supplied wnlli an containing oxygen 
In some cases, liowevei, a slight ainoimt of giowth occius 
even xvhen the seeds aie depiived of oxygen, and sometimes 
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a good deal of carbon dioxide is given off under such 
conditions, as is shown hj the following experiments 

* (^l^) Soak some Peas in watei for a clay, so that then coats can he 
removed without damaging the einbijm (the coats aie lenioved so as to 
avoid mtioducing an with the seeds) Fill a test-tube uitli meicuiy 
and inveit it in a dish of ineicuiy, then pass si\ peeled Peas midei 
the open end of the tube, v hen they will float up to the closed end 
In a day oi so the test tube is half full of gas what is this gas, and 
how has it been piodiiced ^ With a bent tiibe pass a little watei under 
the test-tube, so that it will float up to the sin face of the nieicuiy, 
then pass up a small piece of potash , the potash solution thus foimed 
absorbs the gas, and the meicuiy uses again to its oiiginal position 

This piodiiclion of caihon dioxide, in the absence of fiee 0K3^gen, is 
called “ mtra-moleculai lespnation”, appaiently m some way the 
substance of the embij^-o is decomposed in tins process, and besides 
caihon dioxide, alcohol and othei piocUicts aie foimed Tins pioeess 
is vbiy niaiked in Peas and Beans In all cases it is a piocess of 
destiuction, uithout healthy giowth taking place 

* {b) Anothei method, good for deinonstiation to a class, is to use the 
“ Toi 1 icellian vacuum ” Pass a tew peeled Peas into the ^aLUum at 
the top of a 33 -inch tube filled until, and inveited ovei, niercui^ The 
“vacuum” at the top ot the tube contains meicuiy vapoui, but 
no an Test, after a da}^ or two, with caustic potash as in the pi e- 
ceding expel iinent Note the height of the column ( 1 ) aftei the Peas 
aio passed up, ( 2 ) aftei the column is depiesbcd 133 the caihon dioxide 
foimed, and ( 3 ) attei the absorption of this gas by the caustic potash 
In each case note also the leading of the baiometei at the time 
(w by ?) 

In eacli case, as a control experiment, use Peas which have been 
killed b3^ boiling 111 watei 1^ caihon dioxide pioduced by killed 
seeds ^ 

58 Heat produced by Respiration, — Fioni tbe fore- 
going expeimients it is clear that lespiiatiou is a process of 
oxidation, ]ust as bin mug is, and tbis suggests that it may- 
be accompanied by the giving out of heat Do germinating 
seeds give out heat P 

(a) Pit tliice tnmhleis 01 jais with a coik 01 a caidboard cover, with 
a hole in the cen tie thiough wflucli a theimomeier is passed First 
compare the readings of the tluee theiinonieteis b3 placing them 
together m Avatei at difierent temper atuies Half -fill one jai with 
soaked seeds (Peas, Beans, Wheat, 01 Baile3" answei well) , the second 
with seeds that have been killed b3' boiling (add some coriosive 
sublimate to the watei to pi event giowth of Moulds 01 Bacteria) , 
the thud wnth moist sawdust (as a contiol) Place the thiee jars, 
with theimometeis inserted to equal depth 111 each, in a box, and 
put di3" sawdust between and around them , cover the whole with 

SB, 3 
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a bell-]ai oi a diy cloth, and compaie readings of theimonieteis at 
thestait ot the expeiirnent and then at inteivals oi a few horns A 
use of 2° C 01 inoie may be obseived 

(?d Instead of jais oi tiimbleisiise thiee test tubes, each with aboied 
ooik fot the theimoinetei , place the tubes honzontall^ in a caidboaid 
box, with theimoinetei -stems piojecting tliiough holes, and pack louncl 
and between the Lubes witli diy cotton-wool 

59. Influence of Depth of Sowing on Germination. 

— In the lowei as coinpaied with the iippei layeib of the soil 
we find, as might be e\pected, less air, less ciiculation of air, 
and moie watei How does the depth at which a seed is 
placed in the soil affect its geiniination^ 

*■ Plant seech in yoiii glass-sided box at difteient depths Put the 
seeds close to the gla^s, and (unless the glass has been fixed in with 
putty so as to be an -tight) put them neai the middle oi the glass If 
the seed is buiied too deeply it does not get enough an foi healthy 
geinuuatioii, and it is apt to be attacked by moulds 

60. The Atmosphere. — ^As the life-processes of plants 
depend upon a supply of an, and aie gieatly influenced by 
changes in it, the piopeities and composition of an must he 
thoiouglily undei stood by the student of plant life Study 
this subject, as far as possible, by expeiimental methods, and 
consult books on Chemistiy, Physics, and Pliysiogiapliy on 
the following points — 

The weight ot an , piessineof the atmospheie , Toiricelh’s expen- 
nient , haionieteib, vaiiations in aii-pieasnie, and then connexion 
with woathei changes , efleols of piessure and temperatiue on volume 
of ail, wind, gaseous diilusion , diffusion of gases tluongli small 
openings {e {/ iioi our pots) , composition of the atmosiihere , piepaia- 
tion and piopeities ot oxygen , nitiogen, nitiic acid, nitiates , action of 
oxygen on metals and non-metals , acids, alkalis, salts, oxides , the 
ditferenees between a compound, an element, and a mixture , how an 
IS changed by the binning of a candle , the presence of caibon dioxide 
and of water vapoiu m an , humidity , liygionietiy , dew, lain, snow, 
cooling caused by evapoiation , conditions tavoinable to evapoialion 

61. Warmth required for Germination — Wlieu the 
tempeiatiue of the soil falls to 0°C neaily all life-piocesses 
become doimant, and for most cultivated plants these pio- 
cesses do not begin until a tenipei*atuie above 5° C hab been 
leached Theie is foi all plants a ceitain lange of tempeia- 
tuie Avithin which geiinmation is mo^t lapid and which 
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ensuies the highest peiceutage of plants tiom the seeds 
sown The tempeiatuie below which gei mmatiou does not 
occur i!a called the minimum, that above which tlieie is no 
gei mmatiou is the maximum, while the niobt favoiuable 
tempeiatuie is the oidimum, these might be called lespec- 
tivel}’’ the lowest, Ini/liest, and best temperatm es foi geimma- 
tion In geneia.1, the tempeiatmes at winch the seeds of most 
cultivated plants (excluding, of couise, hot -house plants) 
glow best in oui climate be between 18^ C and 35° C , with 
an aveiage about 24° C 

Wheat and imistaicl begin t' " ^ ^ 'o q ^ fcjoailet 

Riuinei and Maue at S^^oi 9^G , ’ i 'Pumpkin) at 13°0 , 

and Cuoumbei at 16° C Heie aic the appio\imate opLinuiiii temjjeia- 
tiuey toi geiniination ol some common plant'a Bailej', Pea, Sueet Pea, 
Phlox, 1S° C , Cabbage, Cauut, Lettuce, Oats, J^tock, Petunia, 21° C , 
Rye, Beet, 24° C , Clovei'a, Tomato, Mignonette, Pant>y, 27° C 

(n) Place some soaked seeds in a glass lai and covci tliem v lib moist 
saiV'dubb , plunge Ihe jiii into a bo\ containing pieces of ice, which mubt 
be leneved as the}'’ melt Tlie ice will last loiigei it the bo\ contiin- 
ing it IS set into a lazgei l)o\, and the space between the two boxes is 
packed with di} saudiist (why 'd 

{b) Anothei method is to use two boxes as in the pieceding, but to 
place in the smallei box a single box of ice, with div sawdust below^ 
andaioiind it , place the seeds diiectly on the ice and co\ei tliem wnth 
diy saw'dust, wdiich wnll be kept moist by the melting ice 
^ (c) In wniitei and spiing the mini mum tempeiatuie foi gei ruination 
should be detei mined toi as man}'- seeds as possible Into a laige 
flowei-pot 01 seed-pan put some bits ot bioken eai Ihenw-aie at bottom, 
and fill up the restot the pot -with sitted soil Plant in the pot a tew 
seeds of dilfeient kinds, and biiiy the bulb of a theimometei at the 
depth of the seeds, t}ing the theimometei stem to a stick tin list into 
the soil Sink the pot up to its iim in the soil ol a gaiden bed and 
lecoid the tempeiatuie each daj’-, looking fui any signs of geiniination 
Aftei two 01 tluee weeks bung tlie plants iiidoois , keep the soil moist , 
make notes of }oiir obsenations Ofchci pots should be kept m 
difieient paits ot the house oi school, m addition to those kept outside 
Such expel irnents wnll show that warmth hastens geimnuition, while 
cold letaids it 

62. Is Light recLuired for Gremiinatioii ^ — This ques- 
tion is vei}^ easy to answei by expeiiment 

(a) Place in a daik ciipboaid oi cellai some lais oi boxes containing 
seeds planted in moist sawdust Conipaic wntli seeds of the same 
kind, planted and w^ateied m the same way, but set in the light 

{b) A bettei plan is to keep the two sets of seedlings close togetliei , 
exclude the light fiom one lob by coveiiiig the jai oi small pot in 
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which the seeds aie planted by iiiveiting ovei it a laige flower >pot oi 
putting it into a tin oi wooden box ’with a lew holes ioi \entilation 
Compaic the late of giow ih oi the t's^o sets ot seedlings fiom day to 
clay, and note any otliei difleieiices betiveen them bee Ait 12 S 

63. Conditions necessary for Germination — If you 

have caief Lilly cainecl out the simple expeiiiiieiitb on geimi- 
uatiou loi which chiectious have beeu given, you will know 
wliat couchtions aie essential foi oeimmation of a seed 
which contains a live but dormant plantlet Water, oxygen, 
and sufficient heat are the thiee essentials foi the awakening 
of the 3011110 plant fioni its sleep We shall see latei that 
for the coiitmued healthy growtli of the plant othei things 
are uecessaiy, •without which the seedling aftei a time dies 


64. Growth in Light and in Darkness, — If you have 

carefully peifoiined the siin- 
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pie expeiiments mentioned 
ill Arts 56 and 57 , you will 
see on 1 ellection that the 
geiminatmg seed mubt lose 
oaihon in its lespiiation 
To nieasiue tins loss we 
must, of couise, diy the 
seeds and seedlings l)efoie 
weighing tliem Does this 
loss occui both ill light and 
ill daikness 

(«) Take about ioity Beans as 
neaily alike 111 size and -wciglit 
as possible , select foiii ot tlicni 
as samples, and find tlieii weight 
aftei tlioioughly diying them on 
a watoi- 01 sand bath 01 m a 
slow oven Take the di^^ v^cight 
of a seed, found in this way, as 
the avciage bow half ot the 


Fig 21 — Chub on vIulIi to plot tliQ i 

Ciuxod of Iloight and Weight half in a bo\ kept in tull light, 

watei both lots about equall}'- 

At the end of each week moa&ine and 1 ecoid the aveiage height of the 
shoot m each lot of seedlings, leniovc thiee seedlings horn each bo\, 
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wash the loots in iiianing watei (do not leave aii) in the soil oi lose 
them in anj'- wa^), and di 3 '' them tlioioiighly without cliaiiing any 
liaib When quite di}^ and buttle, weigh each lot and obtain tlie 
aveiage weiglit ot the solid mattei in eacli plant C4et a piece ot 
sqnaied papei, as in Fig 21 (spaces i tp) nsenfuuj iiiohes need nob, ot 
couise, he inches) As the weekl} obsoivatioiis pioceed, tiace two 
lines acioss the sheet, one (a continuous line) to show the weight, 
the othei (a dotted line) the height of the seedlings gioun m light, 
diaw two obhei lines in led ink to show the Meiglit, and height, ot the 
seedlings giown in daikness 

* (^) Anothei method is to use Wheat giains, and giow them with the 
loots m watei Fiom some Wlieat count out tliutv"-si\ good sound 
giains, and divide them into batches of a dozen each , see tliat the 
weight ol each batch is as neail^^ as possible the same Diy one 
batch (a) and leeoid the dijr weight Tie a piece of muslin ovei a 
tumblei 01 bowd filled with watei, and put a batch (u) of seeds on tlie 
suiface of tlie muslin, wdiich should be kept wet Aiiothei plan is to 
use a piece at flannel, stall twehe holes m it, and in each hole place a 
seed Keep the tumblei in a wauii, daik place, and lenew^ the watei 
eveiy second oi thud da}^ Plant the thud hatch (o) as in (b), and 
keep both at about the same tenipeiatiue, but when tlie j^ouiig shoots 
appeal, expose (c) to the light When the shoots iia\e giowii seveial 
inches, caiefull}'' iemo\e the seedling'^ fiom (B) and (c), noting the 
diheience m colom beUveen the two sets Di}'- them thoionghl^, 
without chauing even the linest lootlel, and then weigh each lot and 
compaie the w'-eights of ( i), (b), and (c) 

65. The Bean Seed contains Food, — Tlie lesiilts of 
these e\peiimeiits ^vill show tlijit a seedling kept in dark- 
ness loses in dry weight, so that, apmit fiom water, it 
actually weighs less than the seed itself did, and. 
eventually it dieia It is obvious that this loss must be 
laigely due to lespiiation, and that it ib chiefly a lobs of 
caibon in the form of Cciibon dioxide Tlie seed must, tlieie- 
foie, contain a stoie of caibou in some foim, and it is at the 
expense of this stoied caiboii that the daikened seedling 
respiies and giows On the othei hand, seedlings giown in 
the light inciease in cliy weight, and aie theiefoie able not 
only to lepaii the loss due to lespiiation, but aLo to add to 
then diy weight in some wav 

To lepaii the waste due to lespiiation and to piovide ma- 
teiial and eueigy foi giowth, the young plant in a seed 
lequiies a stoie of food upon which it can diaw duimg the 
eailv stages of geimuiatioii Wheie and in what foini is 
this food btoied, how ib it made use of, and how does it ' 
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compa.ie witli tlie stoie of food placed at the disposal of 
young auunalfe — eg in eggs and m milled Fioni their size 
and thicdvness, and the tact that they aie used as human 
food, it IS easy to infei that the cotyledons of Beans oi Peas 
aie stoiehouses ot leseive food-stutis 

In addition to caibon the Bean seed contains nit-iogeiious 
substances and also some nuneial niattei (asli ingiedients) 
The Bean seed contains all the chief kinds of human food 
— ivatei, niineiai salts, piotenhs, staich, and oil (scanty) 

* (a) Place a piece of Bean cotyledon on the end of a long needle (a 
needle mounted in a pierc ot -wood like a 2ienhoklei is best toi pm poses 
like tins), and hold it ovei the ilaine of a sjniit lamp , notice that it 
tmns black in a te-\\ seconds Rub tlie chaiicd niasb on white papei , 
It lea\es a black maik of chaicoal (caiboii) Continue to heat the jiiece 
foi some minutes, and note that it bin ns to ash 

{b) Heat some diy Beans oi Peas m a test-tube fitted with a bent 
tube passing Lluoiigli a boied coik, and di]) the fiee end of the tube 
into Imie-watei oi baiyta-^atei Notice the yliite piecipitate pio- 
ducecl bj the caibou dioxide JaeL tiee 

^ (c) (Jiiisli, 01 cut up into small hits, some Beans oi Peas, mix them 
■with tliiee 01 tom times the quantit}^ of soda-lime, and heat the 
niivtuie 111 a test-tube Pumes ot ammonia aie given oti, pioving the 
jnesenco of nifior/ai 

To make soda -lime, nii\ two paifs of (|iiiclvlime “witli one of solid 
caustic soda and one ot cliaicnal , moisten with watei, mix into a 
Iia^ite, dty tlioionghb, and keep the pow deied inixtme in a coikedjai 

66 Carholiydrates — Stai’cli aud sugar both e\ist 
abundantly m plants, and aie called caibohydi ales, because 
on analysis tlie piopoition by -weight of hydiogen to oxygen 
found niiited with the caibon is ahvays the same as exists m 
watei — Yiz 1 8 Slaich is insoluble in cold watei, but is 

easily conveited, by vaiioiis piocesses, into siigai, wdiich is 
soluble Other caibohydiates aie cellulose, gum, mulin, 
dextrin, glycogen. 

{«) Heat some diy lamuhj staich in a test tube Note the conden- 
jaation of watei in the nppci pa.it of the tube Tins pKACs the 
jireseuce ot liydi oqui and oxyijin in staich (since w^atci is composed ot 
these elements) Note also that tho staicli soon begins to IfincUv, 
pioYing that it contains cathon, and at the same time duty wdiilo 
linues aio c\ol\ed, ha\ ing a pungent odom somewdiat lesemhhng 
that ot hill lit sugai Apifiy a light to the mouth of the lest-tuho 
— the fumes aio oduco a piece of moist blue litmus 

pa];)ei into it — tl . led, showing that tho fumes are 
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acid Intioduce a glass locl, on the end of ■wliioh is a diop of linie- 
watei, into the test-tube The lime-watei becomes showing 

that ten bon diocide, is one of the pioducts of decomposition of staich 
This eonfiuns the piesenee of caibon m staich (since caibon dioxide is 
a eonipound ot caibon and oxygen) When all the volatile matter has 
been driven otf, a black glistening lesidue ot thaitoal leinains 

* (b) Shake a veiy little staich in a test tube of cold water and boil well , 
add a few diops of iodine solution a blue ooloui is founed Boil the 
blue solution, and the blue coloui disappeais, to leturn on cooling 

* (c) Boil a little staich with dilute sulphmic acid, and test a few diops 
of the solution iiom time to time tor (1) staich, and (2) siigai The re- 
actions of staich aie giaduall 3 " lost, and those of sugar appeal instead 
^ [d] Examine specimens of cane, grape, tiuit, and milk siigais (1) 
Taste them they aie all sweet (2) Boil with a solution ot caustic 
potash cane sugai does not colour the solution, but the others turn 
it blown (3) Add a little Rochelle salt (sodium potassium taitiate), 
then excess of caustic potash, and finally'" some coppei ‘sulphate 
solution ^ [The object ot the Rochelle salt is to pievent the precipi- 
tation of cupiic hych oxide by the action ot potash on coppei sulphate ] 
Boil cane sugai onl^’' precipitates led cupious oxide on long boiling, 
but the otheis give a piecipitate at once (4) Add a solution of 
silvei nitiatc to which excess of ammonia lias been added, and waim 
the cane siigai onl}'" i educes the siher altei long boiling , the otheis do 
so veiy soon 

(e) Boil some cane sugai -with dilute sulphnuc acid foi ten minutes, 
and test wnth Fehbng’s solution, etc it now gives tlie same leaetions 
as the othei siigais 

These pi opei ties of possessing a sweet taste and of tinning caustic 
potash blown and reducing coppei sulphate and silvei nitiate, either 
at once oi aftei previous boiling wnth dilute acids, aie chaiacteiistic of 
tlie sugai s 

67, Proteids, oi nitrogenous food-stuffs, coinjDOsed of 
caibon, Lydiogen, oxygen, nitiogen, sulphui, and in some 
cases pbosplioi us, occui in both vegetable and animal tissue, 
though only plants can build them up fioiu then elements 
They form the living substance (piotoplasm) found m cells 
of plants and animals , in decaying they give oit offensive 
smells Albumin occurs m white of egg, myosin m lean 
meat, gluten in floui, casein in mills: and cheese, legumin 
m Peas and Beans See hookts on Human Physiology 

‘ This IS called Peliling’s test Dissolve 35 gi amines of copper 
sulphate in 200 c cs of watei to make solution v To make solution B 
(to be kept in a sepaiate bottle) dissolve 70 gi amines ot Rochelle salt 
in 200 c C‘, ot 10 pel cent caustic potash solution Use ccpial volumes 
of solution A, solution n, and ’watei 
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68, Wheaten Flour, made fiom tlie giams (seeds) of 
Wlieat, makes veiy couvemeut mateiial to examine and test 
foi staicli and pioteids 

* (ft) Take a tablespoon! ul of beaten flour and enclose it in a piece of 
muslin Hold it uudei a tap of gently uinmng \\atei and woik the 
floui about by constant squeezing Catoli the ^^llltelled watei as it 
flows away fioin the floiii In a little time the watei passes ofl cleai 
Keep woihing it foi a little loiigei time, tlien open the muslin and 
discoiei a mass ot atickj^ inatei lal tins is gluten Let the muddy 
watei settle, then pom oft the liquid and keep the sediment The 
sediment 19 staich , it foiiiis a laige jiiopoition ot the flom 

{b) Put a small bit of gluten on the end of a mounted needle, and 
hold it ovei the flame of a spiiit-lamp , it bums, then tuiiis black 
Rub the dialled mass on uliite papei , it lea\es a maik of cliaiooal 
(eaibon) 

* (c) Mix a little of the gluten with soda-hnie, place the mixture in a 
test tube, and heat means ot a spiiit lamp As the gluten decom- 
poses, ammoiiiacal fumes aie given oft, thus pioving the presence of 
mtiogen in the gluten 

[cl) Pub a little of the gluten into a test tube containing a weak 
solution of caustic potash Hliake well the gluten dissolves 

(c) Put anotliei bit of gluten into a small quantity of stiong mtiic 
acid in a test-tube oi watei i -glass Heat Note the yellow coloiation, 
which deepens to oiange if ammonia solution be giailiiall} added Add 
the ammonia solution \eiy cautiously with a glass tube, as the action 
between the acid and the ammonia is a \ioIent one 
(y) Place a little ot the sticky gluten m a teijt-tube and waim it. 
Notice tliat the heat causes it to solid liy 

* (</) Take a little of the milk}'’ liquid tiom the basin The milkmess 
is due to staioh giaiiules Boil it tins makes it go eleai Cool the 
deal liquid, and add a tew chops of solution of iodine A deep blue 
Qoloui proves the pieseiice of staich Note that tlie blue coloui 
disappears on heating , does it leappeai on cooling’ 

69. Oils. — Many plants store up food in tlie foim of oil. 
Oils aie compounds made up of caibon, liydiogen, and oxygen, 
tke oxygen piesent being insufficient to combine witli ail the 
liydiogen and foim watei Cbemically they are compounds 
of “fatty” acids with glyceime Most vegetable oils aie 
obtained fiom seeds, e g miistaid, siDifiowei , Iviseed, casto) oil 

Oily seeds usually contain little oi no staicli, and vice 
ve'i set 

* Remove the coats fiom diy seeds of Sunflowei, CiebS, Miistaid, Gastoi 
Oil, fold the seeds m blotting-papex and criis]i between two flat stones 
and note the gieasy stain pioduced, which dissolves m etliei oi alcohol 
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The young plant m a “Biazil nut" is ver^^ iicli in oil, as can be seen 
on cutting the “nut” acioss, aftei lemoMiig the shell the oil is made 
veiy evident if the knife be heated 

70. Digestion of Reserve Food. — The foods stoied up 
in seeds foi the use of the young plants niust lie insoluble in 
watei, and not able to dittuse thiough ineinbianes (cell- 
walls) why The iesei\re food in the Bean cotyledons 
must, howevei, when the seed geimmates, tiavel fioni cell to 
cell thiough the cell- walls in oidei to leaeli the places where 
it IS needed (ladicle and plumule), and in oidei to do this the 
food must be changed into soluble and diffusible substances 
The food stoied in a seed must, in fact, be digested befoie 
it can be used by the young loot and shoot, and the piocess 
of digestion in a plant is essentially the same as in an animal 
Find out all yon can, fiom books on Physiology, about the 
digestion of staicli, proteids, and fats In the geiminatmg 
seed, ]ust as in an animal, staicli is conveited into sugai, 
pioteids into peptones, oils into fatty acids and glyceiine 
(which aie fuitliei changed into sugai s, etc ) 

The conversion of the insoluble leseive foods into soluble 
foods is bi ought about by the action of /ej tnents, coiiespond- 
ing to those secieted by the digestive glands of an animal’s 
alimentaiy canal Staich is changed into sugai by the fei- 
nient diastase, similai to the “ ptyahn ” of saliva and the 
“amylopsm” of pancieatic imce , pioteids into peptones by 
t)yi)sm (also contained in the jpancieatic juice of animals) , 
oils into gWceime and fatty acids by lijjctse (coiiespondmg to 
the “ steapsin ” of pancieatic juice) 

71. How long does the Seed’s Pood last? — We shall 
see latei that gieen plants get then food fioiii two main 
sonices, air and soil The young plant in a seed has a stoie 
of food for its eaily giowth, a stoie Asdiioli is sometimes veiy 
scanty and sometimes (as in Bean and Pea) veiy abundant 
We know that tap-watei and even lam-watei aie not puie, 
hut contain dissolved substances, while soil-watei oi iivei- 
Avatei will he much iicher m dissolved inattei In older to 
find out how long the stoied food lasts, we should theiefoie 
use distilled watei, so that we know exactly what the loots 
have had at their disposal, we may use well- washed sand 
and watei it with distilled water 
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Eean aud Pea seedlings exposed to liglit, ^itli tbeir roots 
m distilled watei, giow for seveial inontbs and may even pio- 
duce fioweis, t bough they aie small and weakly as coinpaied 
witb seedlings giown m soil or in a cultme solution Small 
seedlings^ with vscanty food-stores— e g Mnstaid — live only a 
few weeks when exposed to light and supplied with distilled 
watei, and foi a sboitei time when kept in daikness 

* (a) Deprive Beans and Betas of one oi both cotyledons, and obseive 
the lesiilt Remove the cotyledons, in difieient cases, (1) just aftei 
the seed has been soaked, (2) aftei the loot has giown 2 ins long, 
(3) aftei the plumule has giown 2 ins long 

^ {h) Gio^v vaiions seeds in jais containing distilled watei, fixing them 
eitliei into holes m niuslm oi flannel, oi into split or boied coiks , fill 
up the watei as lecpiiied, but alwa 3 ‘'s use dl'^tlllL(l watet Keep some 
ot them 111 daikness, expose otheis to the light, and compaie then 
growth and then mciease or decrease m dry weight Anothei method 
IS to let the loots glow into sand that has been v ashed thoiouglity with 
tap-watei and then with distilled watei, using the lattei for watering 

72. How is Pood transported? — The foods pioduced by 
tlie action of feiments aie soluble, and tlieiefoie able to travel 
to the places wbeie tbe}^ aie needed, to supply mateiial and 
eneigy foi the growth of the young root and shoot It is 
easy to trace the passage of the digested foods, especially in 
the case of sugar, because wlienevei the sugar accumulates 
some of it IS usuall}" changed back tenipoi airly to starch 

* In seedlings of Bean, Pea, and other plants yon aie gi owing, note 
that the loot and shoot ot the iingeiniiiiated seed as a lule contain no 
staich, but that atlci geimination has begun staich appeals in the 
young loot and shoot , cut these parts longitudinally, and appty iodine 
solution to the cut sui faces 


73. Energy furnished by Poods. — The amount of eneigy 
supplied by a food may be found by measuring the heat pro- 
duced by burning it, and it ib theiefoie called the fuel value 
The fuel value of carbohydrates aud pioteids ib about the 
same, that of fats is nioie than twice as gieat In plants, 
as in annuals, the eneigy is obiarned lioiii the toocl by 
oxidation (— burning), and carbon is tlie principal substance 
bmned, setting free carbon dioxide Buimng 1 gramme 
of carbon sets free enough eneigy to larse 8 kilogianis 
(= about 2 gallons) of water from 0° to 1° C , and about 
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2 lities (about 2 qnaits) of caibou dioxide are given off 
If all this eneigy weie used lu mecliamcal woik, it would 
suj0&ce to laise 3,400 kilogiams througli 1 uietie (i e to 
laise inoie than 3 tons a yaid high) The eneigj is used up 
by the plant in the foiin of heat and of chemical work, in 
addition to mechanical woik 

74. Emergence of Seedlings from the Soil. — ^You will 
have noticed the way in which the pliiniule of the Bean pio- 
tects the young leaves fiom injuiy by bending baclcwards at 
the tip as it pushes its way upwdiids Seedlings can giow 
thiough haid and stiff isoil, and m doing tins the plumule 
must exeit considei able f 01 ce The shoot of a Bioad Bean 
seedling can push upwaids with a foice of ovei a pound, and 
since its diametei behind the hooked pait is about one-eiglith 
of an inch, the foice exeited = 80 lbs pei squaieinch Fiom 
the fact that the cotyledons of a Bioad Bean of aveiage size 
contain about a giainme of cailion, the seedling can get a laige 
amount of eneigy by using tlie stoied food 

* {a) Plant some Beans about 3 ins deep in moist soil oi savdiist 
in a flovei-pot, and pack sLift soil (oi plasticine) fiimly above 

them Watch them to see \\ hetherthey emeige at the sides or whether 
they push tlie whole mass ot clay upwaids 


75. Other Seeds and Seedlings. — We have still many 
expel iinents to make in oui investigation of plant physiology, 
and foi a laige numbei of these the seedhngs of Bioad 
Bean, Scailet Kimnei, and Sunflowei, as well as otheis, will 
be leqimed. G-et seedlings leady in ditteieut stages of 
g] owth 

Meanwhile examine and germinate the seeds of vaiions 
othei plants foi compaiison with those ot the Bioad Bean 
It you aie leally inteiested in Plant Lite and have the neces- 
saiy tune, you will find it woith while doing this with all 
soits of plants, both wild and cultivated This easy and 
inteiestmg woik with seeds and seedlings is peihaps nn- 
nvalled as a means of gaming an insight into the physiology, 
adaptations, and evolution of plants, using only the simplest 
appa.iatus and the cheapest mateiin.ls — the seeds of linn- 
dieds of cultivated species can be bought m penny packets 
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76, Seeds with Pood stored iix the Young Plant. — In 

the tollomng notes shaiU take fiist seeds which lesemhle 
the Bioad Bean lu having nothing ■within the seed-coat 
except the young plant, which theietoie contains the food- 
stoie, usually in the cotyledons — the Biazil “nut” is excep- 
tional in having the food stoied m the hjpocotyl 

It will he noticed that in some cases the teini “akene” is 
iised foi what are usually called seeds This means that the 
ajipaient seed is in leahty a one- seeded fiuit, coi responding 
to a Bean pod in which only one seed has developed and the 
shell 01 tiuit-wall does not split open to let the seed out — 
this is tine of most, though not all, one-seeded fiiuts Note 
also that in akenes (often bpelt aclienes) the actual seed-coat 
IS thm, since the shell oi fuut-wall amply jDiotects the young 
plant and theie is no need foi a stout seecl-coat , also that it 
lb, of coiiise, useless to look on the outside of an akene foi 
the miciopjde and the scai of the seed-stalk, since the seed 
itself lies within the shell and is attached to the mnei surface 
of the lattei by the seed- stalk 
You can easib" tell an akene from a seed, especially if you 
get the whole collection of akenes pioduced by the plant, e g 
the “cob” of Maize oi the fiuitmg head of the Sunflower, 
foi a seed is cle"^ eloped mside a fiuifc, while an akene, being 
itself a huit, is earned on the outside of the plant and 
usually shows some tiaces of the st3de and stigma 


77. Frencli Beau {Pliaseolus mdejans) and Scarlet 
Biunuer (P midtiHoim ) — In both, note tlie position of 
the seal , the miciopyle, made vei}'' conspicuous by its raised 
niaigm , the beautiful wimklmg of the coat when the seed is 
soaking, the two laige fiist foliage-leaves of the young 
shoot, plainly showing tJie veins Sketch the seeds and 
the seedlings, coiiiparing them with those of the Broad Bean 
(Pio 22 ) 

Sow the seeds and note that in the Eunuei the cotyledons 
lemain below’’, as in Broad Beau, while in Piench Bean they 
aie pushed up into the an along wuth the plumule, because 
m the latter j^laiit the li^^pocotyl — that poition of the young 
plant’s axis whicli lies between the loot and the insertion of 
the cotyledons — glows lu length, caii^ung up cotyledons 
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and plumule You will find tliat most seedlings show this 
epigeal type of growth — epigeal meaning that the coty- 
ledoub come above the soil, while only a few liesides 
Bioad Bean and Scarlet Eunnei have hypogfeal (below 
ground) cotyledons It is simply a question of whethei or 
not the hypocotyl glows m length You will also notice 
that epigeal cotjledous soonei or latei turn gieen, giow 
laigei and thinnei, and aie moie hhe foliage-leaves than m 



Fig 22 — Fionch Blui A lucl B aie \ lewt. ot the intiie leetl , 0 to F lie moui of tlie 
embi3''o (seed coat icino^cd) , Lr to L aie stages m geitnination 

the case of hypogeal cotyledons, which do not turn gieen 
(unless they happen to be exposed to the light) and which 
soon shiivel up 

Notice that in the di:ffeient species of Fliaseolus (Dwaif 
and Climbing Biench Beaus, Scailet Eunners) we get a 
transition fiom the h}q)ogeai to the epigeal type Note 
that in these plantb the fiist two foliage-leaves aie simple 
and heait-shaped and stand opposite each othei, while the 
latei leaves aie compound, having three leaflets, and arise 
singly fiom the stem, what othei difleiences do you notice 
between the fiist and the latei leaves, and between the hypo- 
cotyl and the axis of the plumule ^ 
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78. Culinary Pea (Fistm sahvum) and Sweet Pea 

{Lcitliij'i us odoiatus ) — In the foiinei, note tliioiigli tlie 
tian^paient coat of a soaked seed the seal, inicropyle, and 
loot, all lying in the same line with the loot-tip pomtmg to 
the micropyle , the cotyledons are hypogeal , the earliei 
leaves aie small and like those of the Bioad Bean seedling, 
the later leaves diffei m that the aippeiniost leaflets aie 
developed as tendiils In Sweet Pea, note the foliage-leaves 
have only two leaflets, in what othei i aspects does this 
seedling differ fiom that of the Culinaiy Pea ^ 

79. Oak, Sycamore, Sunflower. — To make a thoiough 
study of the akenes oi “ seeds ” of these plants, j^ou should 
get the floweis of each plant, with iipe and uniipe fiuits 

Get iipe Oak acoins, also imiipe ones still attached to 
the cup, noting the scai at base of acoin wheie it was fixed 
inside the cup , the witlieied style witli its thiee stigmas at 
the fiee pointed end of the acoiu , 
the haid shell (fiiut-wall) and the 
thin skm (seed-coat) inside it, the 
two Luge cotyledons, the lOot, and 
the small plumule, the abundant 
staich stoied in the cotyledons , the 
splitting ot the shell on geimmation 
and the pushing out of the young 
loot and shoot by elongation of the 
cotyledon stalks (Pig 23) 

Get Sycamoie ‘‘ keys,” which aie 
at fiist lomed in pans (sometimes 
lu tluees), each having a wing. 
Watch the keys being blown fiom 
the tiee on a windy day, noting then 
spinning or whiilmg movement 
through the an What makes the 
keys whiil, aie they earned fai fioni 
the tiee, and does the whiiling enable them to boie into soft 
moist soiP Thiow keys into the an oi diop them fiom a 
height, repeat the expeiimeut with keys from which thewmg 
has been lemoved, compaimg the times taken for wmged and 
wingless keys to fall tin o ugh the same distance and the 
couise they take m windy weathei The two keys split 

L 



Fig 23 —Oak A, entiie acoin , 
U, 0, oiiibiyoiMtliLot3'-leclon'> 
aiilit apaib, D, einbijo cut 
acrofia , E, F, btiiges in goi 
lUin.itiDii 
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apait wlien iipe, but for a time dangle at the ends of a 
Y-sliaped thiead whose lower end is attached to the top of 
the flowei -stalk 

Open a iipe key, noting the haiis inside the shell, the 
brown-coated seed, the embijo with its long radicle, long 
strap -shaped gieen cotyledons, and very small plumule, the 
stages of germination, in which the cotyledons aie earned 
up and unfold, while the plumule glows veiy slowly, the 
simple outhne of the earhest foliage-leaves (Fig 24) 



Fig 24 — Sycamoie A, fruit, B, with the lialf fmits (“keys”) split apait, 0, D, 
■\ieus of eiubiyo , E, “ kej ” opened up, blioiang seed , P, seedling with the fiist 
two foliage leaves 


G-et iipe Sunflowei ‘"seeds,” also Sunflowei heads of 
difEeient ages showing floweis and developing fiuits, noting 
the scar left at the bioad end of the akene wheie the 
uppei parts of the flowei fell o:ff, the scai (otten a hole) 
at the lowei pointed end of the akene wheie it became 
detached fiom the plant, the seed, attached by a shoit stalk 
inside the shell, the thin seed-coat, the cotyledons, ladicle, 
and small plumule Test cut surface of a cotyledon with 
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iodine solution, wliicli gives only a biown stain, tlieie is no 
staicli, but pioteids and oil aie piesent (Fig 25) 



80. Maize and Wheat. — G-et Maize giains, also a Maize 
“ cob,” fiom a com ineicliant , the White Hoisetooth variety 
IS best, being laigei and moieregulai in foiui, for examining 
the stinctnie of the giain If possible, examine a young cob, 
noting the long leathery stigma 'vvhich falls oft fiom the bioad 
fiee end of the giaiii as it iipens In the grain, note tlie o\al 
patch on one side, shomng t^vo niaihs (sometimes fiiiio’v^s and 
sometimes iidges) in a stiaight line, one towaids the top (bioad 
end) and one towai ds the bottom of the patch 

Peel oft the tliin tough skin and with a needle laise the 
plumule and ladicle which cause the two maiks abeady 
noted , lay a giain on the table and mate a clean slice 
thiough the middle of the patch — if this is caiefully done you 
will see the plumule and ladicle, attached to a thick body 
which pio-jects into the giain (Fig 26, C) , snieai the cut 
suiface with iodine bolution, which stains the young plant 
(ladicle, plumule, and single cotyledon) blown, and the lest 
of the giain daik blue—it the giain has been soaking m 
watei foi a few days, bome staich will be piesent m the 
embiyo, because pait of the staich stoied m the otliei pait 
of the giain has been changed into sugai by diastase, tians- 
feiied to the embiyo, and there le-conveited into staich 
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Wheat geiminateb nioie leadily tliau Maize, at compaia- 
tively low tempeiatuies, but the seedlmgs of both should be 
studied In Wheat note the gioove luiiiiing down one side, 
opposite the enibiyo The shield-like body which m these 
seeds lies on one side of the ladicle and plumule is, appaiently, 
the single cotyledon, and its function is to seciete diastase, in 
Older to digest the food stoied in the lest of the seed, and to 
pass it on to the gi owing loot and shoot ISTote the colouiless 


ABC 



Pig 2o — Jftiize A, B, tuo \ ie\\« of out-suTo of {^lain , 0, giain cut longitudmally , 

D to G, stigOH 111 geiinnitibion 


sheath which piotects the young shoot and tin ough which the 
foliage-leaves emeige , and the giass-like leaves with paiallel 
veins 

The staich-contammg pait of the Maize oi Wheat giam is 
sometliing not repiesented many of the seeds we have studied 
so fai It IS called the eaclospei m Seeds lilce Maize and 
Wheat are said to he emlosj^ermic, because in addition to the 
young plant, which is piesent in all seeds, theie is in this case 
a special legion in which the leseive food is stoied Seeds 
which do not include endospeiin, and in which tlieiefoie theie 
SB 4 
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IS nothing except the young plant, aie called nou-endospeimic, 
e g Beans, Peas, Acorn See Ait 83 

* 81, Further Work with Seeds and Seedlings should be caiuecl 
out as time peimita Soak, dissect (remove coat, cut sections), and 
examine "With lens as many diffeieiit seeds as possible Test cut toiu- 
faces with (1) iodine solution foi starch (blue) and pioteids (biown) , 
(2) a diop of stiong sugai solution, followed by a diop of stiong sul- 
phuric acid (blight lad coloiii = pioteids) , (3) nitiic acid and ammonia 
(yellow coloui — pioteids) Piactically all seed'^ contain pioteids, 
together with staich oi oils If the seed gnes only a brovn coloiu 
with iodine, showing the absence of staich, try the tests foi oil (Ait 69), 
and for cellulose (Ait S6) Cut thm sections and examine them with 
the niicioseope In Maize and Wlieat note the outeimost layei of 
cubical cells m the enclospeim, packed with pioteid grains (“aleuione 
giams’’), also the layei of columnai cells (epitheliumdaj ei) on the 
surface of the cotyledon, which secretes feiinents 

Sow the seeds in moist sawdust oi soil, note the tempeiatuie leqiiiicd 
(or most favouiable) for geimination in each case , examine and sketch 
the seedlings from time to time In moistened seeds of Linseed, 
Cress, Turnip, Mustaid, notice the 3 elly foi rued by the swelling of the 
gummy seed coat w^lien it absoibs watei Small seeds — e g Cress, 
Wheat — should be gi own on muslin oi flannel sti etched ovei a tumbler 
filled with water , examine the roots loi loot bans and rootlets 

* 82 Seeds with. Food stored m Young Plant — Examine the seeds 
and seedlings of Linseed, Ciess, Mustaid, Tin nip, Radish, “Gaiden 
l^'astuitium” {Ti opaeoliim)^ Hoise Chestnut, Vegetable Mai row^ Melon 

In nearl 3 '' all cases the cotyledons ate carried up into the an by the 
lengthening of the hj^poootjd In Hoise Chestnut the laige cotjdedons 
are pai tlj’’ fused togetliei , notice that on germination the young stem 
and loot aie pushed out of the seed by the lengthening of the cotjde- 
don stalks In Vegetable Maiiow and Melon notice the method by 
which the seedling gets its cotyledons out of the cavitj'' enclosed the 
rigid avails of the flat seed , an outgiow^th ( ‘ peg”) is foimed to hold 
down tile lowei half of the seed-coat against the soil, while tlie giownng 
shoot laises the uppei half ol the seed-coat and thus gets fiee 

In Mustaid the cotyledons aie tw'‘o-lobed, in Ciess (Fig 13) they 
ai e tin ee-lobed In the “ Nastmtium ^ {Tiopaeolum majns) the latci 
leaves have a neaily eiiculai hltide ^rith even maigin, and the stalk 
js mseibed at the centie of the lower side of the blade, but iii the cai- 
best leaves of the seedling the leaf-blade ih lobed and the stalk in- 
serted at the loAver inaigin, as in the adult leaves of the closely-allied 
leaves of the Caimiy Creepei {T caiicu ie?ibc) InBiazil “nut” (really 
a seed) the hard shell is the seed-coat , the minute cotyledons occupj'' 
the bioader end of the embryo, the loot being at the naiio'w end The 
gieatei pait of the embiyo consists ot the swollen axis (lij^pocoLyl), 
w^hose cells contain piotoicl and oil Tiie two cotyledons" and the 
plumule can be seen in a section examined with the micioscope — it the 
section lias been cut in exactly the i ighfc place. 
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83, Endosperniic Seeds.— In many seeds tlie stoied 
food IS not contained in any pait of tlie 3 ^oiing plant itself, 
but in a special pait of the seed called the endosperm, 
which lies within the seed-coat but outside of the young 
plant (embiyo) In some cases the endobperm suiiounds the 
embiyo (e g Castoi Oil, Ash) In otheis the einlnyo is coiled 
aiound the endospeim, eg Buckwheat In Maize, Wheat, 
and othei Ceieals and Gri asses the embiyo and endospeim aie 
shaiply sepaiated by a plane diawn acioss the seed In all 
cases, howevei, the radicle of the embiyo is close to the siu- 
face of the seed, 3 ust within the imcropyle 

Unfoitunately the old teini “albumen” is often used instead 
of endospeim, and this sometimes leads to confusion Endo- 
speimic 01 “ albuminous ” seeds aie seeds whose food is 
stoied in a pait outside of the eiuh yo, and this food may be 
chiefly staich (e g Maize) oi laigely oil (e g Castor Oil), oi 
cellulose in the foim of inuch-thiclcened cell-walls (e q Date) 
The teiui “ albuminous ” does not, theiefoie, imply the pie- 
sence of egg-albumm, though seeds do contain pioteids, 
and exactly the same lands of 
food aie stoied in endospeimic 
and non-endospeimic seeds 
alike 

Note the following common 
eiioi (often found in caielessly 
written books) “ the Bean seed 
contains endospeim in its coty- 
ledons” (what is wiong m this 
statement Anothei common 
mistake is the geneialisation 
about Dicotyledonous and Mono- 
cotyledonoiis seeds mentioned 
in Alt 91 

* 84 Castoi' Oil — Notice the 
spongy mass coveiing one end of the 
seecl^ the haid seed-coat, the oily endospeim, the enihiyo in tlie 
middle of the endospeim, with thin cotyledons pi essed togethci 
(try to find loot and bhoot) , cut longitudinal and tiansveise 
sections The spongy mass (aiil) soaks up watei , piovo by placing 
seeds in hot watei that this mass lies close to the micioiiyde bee 

Tig 27 


ENDOSPERM 



Fig 27 — Seed i>f C Htui Oil 

A, Longibuilinal section , 13, Tiiins 
The il uK outline lepicacjits 
the rioed cuiit 
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^ 85. Asli — Steep the flints (‘‘key&”)ot Ash-tieo in watei, then 
cut open the tiiiiL-cavity and notice the flat seed suspended at the 
end ot a long stalk winch luns along one edge of tlie seed Slice 
awa}^ one ol the flat sides of the seed and expose t]ie stiaight embi^o, 
tying HI the lioin^ tissue (endospeini) filled with lescive food 


* 86 Date — Examine a Date seed (i e the stone”) Notice the 
deep gioove along one bide Sciapo the siuface on the othei side, to 
see the small embi^o embedded in the stone (endospeini) Cut the 
Slone acioss at this point, then dip the stone in dilute sulphuiic 
aeid and apply iodine (test foi cellulose) Plant some Date stones m 
damp sawdust oi soil, set in a waini place (a heated gieenlioiise, if 
possible), and sketch stages in tlieu geimiiiation Open the stone 
in some ot the seedlings, and then nolite the softening of the stone 

and the extent to ulnch the coty- 
ledon has giown inside it Notice 
in sections of the stone that the 
cell- walls become thmnei, and that 
staich appeals in the young loot 
and shoot, in daikness as well as 
in light The digestion (conveision 
into sngai } of the leseive food (cellu- 
lose) Is due to the secietion ot a fei- 
ment (cytase) by the cot3ledon 

87 Onion — Examine a seedling 
ot Onion befoie tlie emluyo has 
finally witlidiawn its cotyledon 
fionithe seed Obseive {a) tlie long 
sleiidei ^oot, [h] the slight s^\clhng 
at blio base of t’ ' ’ the 

position of the stem 

tioin wliicli aiises (c) the long, 
hollow Lotyleilon whose tip is still 
within the seed-coat Remove tlio 
seed coat and obsei\e the coloiulcss 
end of eotydedon coiled like a watch- 
bpiing within the seed During 
goimiiialion the eotydedon absorbed 
tlio food from the endospeini and 
liassed it on to the growing parts 
In older specimens obsei ve how the 
au exposed tip of blie eotydedon 
witheis , also note the formation of 
secondai^^ loots fioin the base of 
tlie short stem, and sht open the 
hollow sheath at its base to see the delicate pile giecn pliimiilo witliin 
la older specimens tlie plumule has split the sheath as a lesiilt of its 
gi owUi 
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88 Pine — In a Pine seed notice the thin Avnig, serving foi ^\lnd- 
dispeisal Dissect the seed and notice the eiiibiyo (consisting of 
ladiclo, hypocotyl, and nunieions cotj-ledons lu a ciicle around the 
plumule) siuioiinded by the eiidospeim Sketch the stages in gei- 
inination (Fig 28} 

89. The Uses of Cotyledons. — Fiom the seedlings yon 
have studied, you will obseive that the cotjdedous, oi fiist- 
foimed leaves of the voung plant, have diffeient functions 
01 uses m difteient plants They aie always concerned with 
the feeding of the joung loot and shoot, but they cany out 
tins duty in diffeient ways When the seed contains no 
food stoied outside of the yoimg plant, the cotyledons 
usually contain food In a few plants — eg Bioad Bean 
and Peas — the cotyledons aie food-stoies and nothing moie, 
they lemain below the gionnd, simply yielding }xp the food to 
the glowing loot and shoot, and aie teimed “hypogeal” 
(= below gionnd) 

In most non-endospei inic plants, howevei, the cotyledons 
aie cairied up into the air and become gieen, and like all gieen 
leaves mcmufactuie food(Ch TV ) , even in thebe cases, wheie 
the cotyledons aie “ epigeal ” (=: above giound), they contain 
moie or less food, though tlie amount is often scanty — e cf 
Cl ess, Mustaid — and they have a double function, fiist sup- 
plying stoied food and then making fiesh supplies In seeds 
whose food is stoied outside of the einbiyo, the cotyledons 
eithei lemam within the seed and act as digesting and ab- 
soibing oigans, as in Wheat, Maize, Date , oi they fiist digest 
and absoib the food-stoie in the endosperm, and then eineige 
fiom the seed and become the fiist gieen leaves of the plant 
(Castoi Oil, Ash, Onion, Pmel 

90. Types of Germination. — Pioni the foiegomg, it ib 
easy to see that the vaiioiis seedlings we have studied fall 
undei one oi other of tom mam types, distinguished by 
piesence oi absence of endospeim in the seed and by the 
behavioni of the cotyledons in geinimation As we have 
seen, the chief functions of cotyledons aie ( 1 ) to sto]e food, 
( 2 ) to digest and ahsoib food stoied m the endospeim, ( 3 ) to 
nianvjaduie food The cotyledons may peiioini only the 
fiist 01 only the second of tliese thiee functions, oi they 
may pioceed to caiiy on the thud function after they liave 
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cliscLarged one or otliei of the hist two The foui types 
of seedling aie then those m wIulIi ( 1 ) the cotyledons nieiely 
stoie food, ( 2 ) the cotyledons serve only as digesting and 
ahsoibing oigaus, ( 8 ) the seed is non-endosjieimic, but the 
cotyledons besides containing some food come up into the aii 
and make moie food, ( 4 ) the seed is endospeiniic and the 
cotyledons hist digest and absoib the endospermic food and 
then come out of the seed and make food Examples have 
aheady been given of the four types 

91 Monocotyledons and Dicotyledons, — Of the seeds 
we have studied, Maize, Wheat, Onion, and Date belong to 
the class of Seed-Plants known as Monocotyledons, while all 
the otheis (except Pine) belong to the laigei class of the 
Dicotyledons This appaiently tiivial difEeience is, on the 
whole, so absolutely constant, and goes along with so many 
other dihreiences, that it was long ago lecognised as a basis 
foi dividing np the highei Seed-Plants into these two gioups 

A geneial statement often made is that while most Dicoty- 
ledons have non-endospoimic seeds, all Monocotyledons have 
eudospeini, but this is wiong As a luattei of fact, tlieie are 
many Monocotyledons which have no endospeim in then 
seeds, oi veiy little, and piohaldy half of the known species 
of Dicotyledons have endobpeimic seeds 


92, The Early Foliage-Leaves of Seedlings — Yon will 
notice. 111 youi studies of seedling b, that in many cases the fiist 
foliage-leaves, above the cotyledons, aie simplei in foim than 
the latei oi “adult” leaves Good examples aie seen m 
Bioad Bean, Piench Beau, Scailet Eunnei, and Pea, which 
have alieady been mentioned , “ ISTasturtiiim ” (T)02)aeol'nm), 
whose early leaves have the stalk inseited ni the oidinaiy way 
at the edge of the lobed blade, but the latei leaves have the 
stalk inseited at the middle of the undeiside of neaily ciiculai 
blade, Goiae, whose eaily leaves aie tin ee-lobed, while the 
latei ones aie simple, naiiow, and pointed Look foi othei 
examjdes of tins inteiestmg featuie, which is usually held 
to be a case of the individual lepeatiiig, oi lecapitulating, m 
its own development the stages thiougli which its ancestors 
passed m the com be of evolution 
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Make lists of tlie vaiious seeds 7011 liaye examined, ai rang- 
ing them accoiding to (1) the presence 01 absence of endo- 
sperm , ( 2 ) the number of cotyledons in the embryo ; ( 3 ) the 
hypogeal 01 epigeal chaiactei of the cotyledons , and ( 4 ) the 
natiiie of the leseive food-substances 


QUESTIONS ON CHAPTER 11 

1 How can you show that water is essential foi the geimmation of 
a seed’ WI15 is the young plant in a seed said to be “doimaut” ’ 

2 Give the lesults of experiments you liave made as to t]ie volume 
ot water which a Bioad Bean seed can absoibas compaied with its own 
volume 

3 How could you piove that a geinunatmg seed lospues (bieathcs), 
just as a living animal 01 a human being does ’ 

4 Hov could you piove that geimmation does not ocoui 111 the 
absence of oxygen ’ 

5 Wliy do seedlings giow badly in soil that is too libeially watered ’ 
How could yon measuie and compare tho amount oi an in diffeiont 
samples of soil ’ 

6 Why should seeds not be planted v^eiy deep, nor meiely laid on 
the sin face ot the soil ’ 

7 How could you piove that waimth is lequiied foi geimmation, 
and how could you find, loiiglily, the best (optimum) teinpoiatiiro 
foi geimmation in the case of some paiticulai plant’ Whal is meant 
by (a) the 111111111111111, (6) tlie ma\imura, geimmation toniperaturo of a 
plant ’ 

8 What aie the eftects of daiLness and of light on the germniation 
of seeds ’ 

9 How could you piove that a geimmating seed loses in weight 
when giowii 111 daikness, tliafc tlie loss is due laigely to the oxidation 
(01 buimng) of caibon, and that the cotyledons contain caibon’ 

10 Compaie the food stoiecl 111 a Bean seed with that supplied to 
young buds m eggs and to young mammals in milk 

11 What IS a caibohydiate’ Mention the chief carbohydiatos, 
stating how they aie distinguished fiom each othoi 

12 Wliat IS a pioteid’ How do pioteids difici fiom caibo- 
liydiates '' By what simple te'^ts could 3011 detect tho pieseiice of a 
pioteiJ ’ 

13 How aie oils distinginsliecl fiom caibohydiates and pioteids ? 



56 


SEEDS AND SEEDLINGS 


14 How are the leseive food-sul)‘5fcaiices pieseiit in a seed made 
available foi the noiiiishment of the young plant’ 

15 What IS meant by digestion ’ How aie staich, pioteids, and oils 
digested ^ To what extent are the piocesses ot digestion similar in 
plants and animals '* 

16 How could you mcasuie loiighU the work done by a seedling 
in eineiging from the soiP Wlieie does the necessaiy eneigy come 
from ’ 

17 What 13 the usual appeal anoe of the top of the shoot of a young 
seecihiig, and what is the advantage of this ^ How do seedlings of 
Mai 7 eand Wheat diflci lioin most othei seedlings m this lespect, and 
how do they emeige fioni tlie soil ’ 

IS What iB the dilfeience m stiiictiuo between endospeimio ('' albii- 
rainous”) and non-endospeimic {“ ex albuminous seeds ’ Show that 
both kinds ot seeds may contain the same kinds of food, and explain 
uhy the old teima “albuminous” and “ ex albuminous ” often lead 
students into wiong ideas about seeds 

19 Desciibe, with sketches, the seed, the mode of geiniination, and 
the seedling of the following plants Pea, Kiduej Bean or Scailet 
Rimnei, Oak, Ash, Wheat, klaize, Ciess, Linseed, Sycamoie, Onion, 
Ciicumbei oi Gouid oi Vegetable klanoiv, Sunfiowei, Bate, Pine, 
Hoise GJiestniit, Castoi Oil plant, Mu'staid 

20 Wiite an essay on the uses, and the behavioiu dining genmna- 
tioii, ot the cotyledons m the \ai ions seeds whose geimniation you 
haie -watched 

21 Enuiiioiato the chief le&eivc niateiials ot food winch aie stoied 
in the seeds of plants Give an example of cacli, and explain how the 
enibiyo oi seedling is enabled to utilise the food 

22 Explain why it is that ceitam seeds — foi example. Peas and 
Beans — split leadily w^lien tlie testa is lomo^ ed Name as many otliei 
such seeds as you can, and descube in some detail the geimination of 
any one of them 

23 Suppose you liad two floiuishing seedlings of the same si/e, and 
-^oii gieiv one m the daik and the othei in the light How w^ould each 
diffei tiom its oiiginal w'oiglit m the coiuse oi a io-w wmeks’ If one 
of them had gamed consideiahly, how would -^ou deinonstiate exactly 
to w'hat the inci eased weight wag duo ’ What olliei di (lei cnees would 
yon notice betxveen them ’ 

24 What aie the chief points you would ompliasiso lu a lesson on 
the geiinmation of seeds ^ Wliat nialei lalw^oulcl you select loi tlio 
piactical wuik of the class’ 

25 What IS icspuation, and liow is it airecLed (a) liy lieat, (/>) h 3 ^ 
light, (c) by mci eased lajndifcy of giowtli ’ 
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Two lots of Peasj one of wlucli had been soaked in atei at lOO'^ C , 
the othei in water at 15 ° C , weie passed into the vacua at tlie tojis of 
two parallel tubes of meicuiy Hoiv would the heiglit ot the mercury 
column be affected in each case ’ "Would the aftei addition of caustic 
potash solution make any diiieience to the height of the columns ’ 

26 Compaie the seedlings of Sycanioie and Lupin N'ote the points 
of resemblance and diffeience 

27 What aie the practical diflfieulties in the wa}’- of germinating 
seeds in an oidinaiy class room, and rearing the seedlings for some 
weeks ’ Show how these di&ciilties can be overcome 

28 Explain, -vntli draTungs, how ceitain seedlings withdiaw their 
seed-leaves from the seed-coat 

29 Mention two or three experiments on digestion which can be 
eiy simple appliances ni an oidinaiy schoohooin 
iiistiuctioii'a foi one suoli evpeiinient 

30 Desciibe the seedlings of three plants m which the cobj ledoiis 
have entiiely diJioient fimctions 

31 Besciibe e\peiiment:3 of a chemical iiatuie by which 3^011 could 
show (ft) that starch is changed by the action of join saliva, and ( 5 ) 
that youi expiied an contains caibonic acid gas 

32 Name the necessaij^ conditions of geimmation, and cleseiibe ex- 
periments, which 3^011 have seen 01 pei formed, to piove u^hat you sa3'’ 

33 Desoiibe exactl3" how 3^011 would obtam the di3»- weight of a 
seedling 

What difleience V oiild 3^011 expect to find between the di 3' weight 
of (ft) a seed, (Z>) a seedling ot the same plant giowni 111 the daik toi 
some time, (c) a similai seedling giown undei 1101 mal conditions for 
the same time ’ 

Give reasons foi youi aiiswei, explaining clearly the souice or fate 
of the mateiials gained 01 lost 

34 Diaw (loughly to scale) the 3'oung seedling'^ of any five plants 
belonging to difleient natuial oideis, shoving full3" the lelation of the 
cob3ledons to the rest of the plant, and explain exacbl3' how the food 
lescive foi the seedling is stored 111 each case 


performed with \ 
Give full practical 
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93, IMEicroscope Work, i£ not allowed to occupy tiiue 
which would (ill the cnse of a begmuei) be bettei speu 
iiisikino pliYbiological expeinnenta aud m stiidving owe , 
fiuiffci, plaiifc-asbociations, etc, is valuable 
to uiidei stand more fully tbe life-processes 1 ^ 

of phiutb, especially if mmute stiiictuie is studied m close 

connection with pliysiology 




I.',^ 29 — FoUling Pockob Len&c3B (DouRlo aiul TuiAu) 


Xienses. — The use of the simple lens liatj already been men- 
tionc<l (All. 4) A double oi triple folding lens (Tig 29 ) 
iH a grout improvement on tbe simple lens, giving gieatei 
magnifying power when tbe lenses aie used togetbei A lens 
of tins kind is absolutely indispensable 

68 
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94. Compound Microscope. — The simple microscope can 
be nsecl for all piu poses wheie a magnification of not moie 
than 20 diameteis is lequiied, and is an extiemely convenient 

instillment for this Iotv- 



iMg 30 — Coniponml j\Iicio3cope 'iMfcU 
Coiii se Ailj utitnient 


poTrei work When higher 
magnification is desiied, 
we must use the com- 
pound microscope, in 
which the image of the 
object is obtained by one 
lens (or a set of lenses) 
called the objective, and 
this image is magnified 
by a second lens, the eye- 
piece, The objective is 
screwed into the lower 
end of the biass body- 
tube, which IS blackened 
inside (why?), the objec- 
tive consists usually of 
several lenses screwed to- 
gethei The eyepiece, 
which magnifies the in- 
vei ted image of the object 
pi educed by the objective, 
consists of two lenses, the 
one next the obseivei’s 
eye being called the eye- 
glass and the lower one 
the field-glass 

In the cheaper form 
(Fig 30) the tube which 
carries the lenses is moved 
up and down, to bring the 
objective near the object 
Sliding and thus bung the latter 
cleaib into focus, inside 
another tube fixed to the 


stand, this is called the “sliding coaise adjustment” In 
the moie expensive micioscopes (Fig 31) theie is a lack-and- 
pinion movement foi laising oi loweimg the body-tube 3 The 
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coarse adjustment bungs the outlines of the object dimlj 
into focus, but to get moie accurate focussing Tespeciallj 
when using a high-powei objective) we use the fine adjust- 
ment, by till urn o a sciew at the top of the stand, behind the 
body-tube 

The object to be examined is placed on the stage, which 
has two clips foi fixing a slide in a definite position, but these 
need not be used except foi high poweis, oi while sketching 
Tlieie IS usually a black plate, with holes of ditfeient sizes, 
undei the stage, this can be lotated so as to bung the 
desiied size of hole {diapluacjm) undei the cential opening 
of the stage JVIoie expensive micioscopes have an ins 
dia;phacjm A small hole is used with high powei and a laige 
one with low powei 

Foi oidmaiy woik two objectives aie requiied, one foi low 
power (magnifying 60 to 80 diameteis), and the othei for 
high powei (300 to 400 diameteis) The most useful aie 
1 inch 01 I inch low power objective and i oi ^ inch high 
powei objective Of the two eyepieces the one with shelter 
body and nai rower eye-glass is the inoie powei ful 



Fig 32 — Double Nosepieca 


In most modem instiunients the magnifying powei can be 
inci eased by having the body-tube constiucted like a tele- 
scope, the uppei pait (draw-tube), cairying the eyepiece, 
can lie diawn out To avoid the inconvenience of having to 
sciew and un&cre'w a lens eveiy time a change of magnifying 
powei is lequiied, it is wmith while to get a nosepiece 
(Fig 32), which IS scieAved to tlie loAver end of the body- 
tube and cai lies the two objectives, by lotating it we can 
quickly change fiom low to high powei and vice veisa 
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95, MTotes on Use of Compound Microscope, — If the 

stand 13 witTiout lack-aud-pimon, see that the tube moves 
easily, but not too easily, up and down , if stiff, take out the 
tube, mb it with a little olive oil oi vaselme 

See that the lenses aie clean , dust the miiioi, adjust it so 
as to send light thioiigh the body-tube, and inseit fiist oue 
eyepiece and then the other Eotate each eyepiece, if any 
specks aie seen to lotate with it they must be on the eyepiece 
lenses, and should be lemoved with a chamois leathei oi soft 
cloth If the specks aie dun, the dnt must be on the objec- 
tive , wipe the lattei veiy carefully, and if necessaiy wash its 
fiont lens with a jet of watei fiom a wash-bottle and wipe 
it diy Do not mb lenses much, oi unnecessaiily , do uot 
unsciew the sepaiate lenses of a high objective unless it 
becomes absolutely necessary, and then do it with gieat caie; 
in cleaning the lenses do not remove the black coating on the 
mside of the tube 

Never use direct simhght, and also avoid using artificial 
light The best light is that lefiected fiom white clouds in a 
noithein sky It a south aspect is the only one available, 
chiect sunlight must be cut off, by using a white blind or 
fitting a piece of white caid on the iniiioi 

Always use the low powei objective fiist, and nevei use the 
high powei unless the object is co^eied with a covei -glass 

With the low powei use the flat miiioi and a laige hole of 
the diaphiagm below the istage , with the high powei use the 
concave minor and a small diaphiagm, otheiwise (though the 
field may look biightei) the outlines of the cells, etc , will not 
be so sharply defined 

Nevei use the fine adjustment until the focus has been 
obtained with the coai&e adjustment, whethei by sliding oi 
by rack-and-pimon Witli the low powei objective (the one 
with the laigei fiont lens), slide or lack down the tube to 
about i inch fiom the object, then, looking tlnoiigh the 
eyepiece, slide oi lack the tube upwaicls till the object comes 
into view, and focus cleaily by tuinmg the milled head of the 
fine adjustment sciew to light oi left With the high power 
lowei the tube to about J inch from the object, then very 
caiefully slide oi rack the tube down while looking tliiough 
the eyepiece, till the object just becomes visible, and focus 
with the fine adjustment 
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Grieat caie is necessaiy in using tlie liigli powei, since the 
objective when in focus is so close to the object Do not let 
the high objective touch the slide, and above all do not go on 
lamming or lacking the tube down aftei passing the position 
of focus, or jou may rum the objective, besides bieaking 
cover-glass and slide and damaging the specimen Always 
use a cover-glass with the high objective , if you cannot see 
anything clearly, stop at once, move the tube upwards, wipe 
the objective, lemount the specimen (if examined in a diop 
of water, which is hable to flow over the covei -glass and wet 
the objective), clean the cover-glass, and staib again 

Keep both eyes open when using the micioscope, this 
lessens the fatigue of micioscope woik, and is not at all 
difficult if you practise foi a few minutes each time you start 
woik Accustom youiself to using eithei eye mdifleiently 
Never woik by aitificial light if you can help it 

9G Accessories foi Microscope Work — TJie follovang appa- 
iatui> ig necessary foi woik with the micioscope (Fig 33) — 

(1) A good lazoi, slightly liollow-giound oi, bettei, vitli one side 
flat, and a stiop and hone foi sliaipeuing it , cost of lazoi, about 
Is 6d 

(2) A few dozen glass slips, 3 ms x 1 in (4d pei dozen) 

(3) An ounce of J in squaie covei -glasses (No 2 thickness, 3s 
pei ounce) 

(4) A pail of fine pointed loiceps (about Is ) 

(5) A scalpel (about Is ) oi a sharp pen-knite 

(fl) A pail of fine scissois with sliaip points (about Is ) 

(7) A tew fine camel-haii brushes (about Id each) 

(8) A few mounted needles (about Is 3d pei dozen) , these can be 
made b}’- fixing a needle, point outwiids, into one end of a pen- 
holdei (Fig 33, D), oi a handle adjustable foi any needle (Fig 33, E) 
can be bought for about 9d 

(9) A few flat-bottomed watch glasses (about Is 6d pei dozen) 

(10) A few omtment-pots with lids, and a few -wide-mouthed 
stojipeied oi coiked glass bottles of diffeicnt sizes 

(11) A small spiiit lamp (4 oz size, 9d ) 

(12) Gummed labels, in SL^uaie, foi naming slides (2d per 
lumdi ed) 

(13) A coaise dustei, a finei cloth [a g an old, but clean, handker- 
chief), and a small chamois leathei 

(14) Bottle foi Canada-balsara oi glycei me jelly, with cap and 
glass lod (2 oz size, Sd ) Fig 33, G 

(15) Small naiiov -mouthed stoppeied bottles foi the following re- 
agents, glass lods aie iibed foi bunging chops of the reagents tiora 
the bottles to the slide (Fig 33, H) 
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(IG) Reagents, — («) g'lycerine diluted. Avith an equal volume of 
watei , (6) a ‘2; solution of caustic potash in vatei , {c) iodine 
tinctuie diluted with tluee times its volume ot watei , \d] aniline 
chloride solution, (e) a 5 ' solution ot common salt, [J] Schulze’s 
solution solution (diloi ziiic-iodine) 

(17) Tuo wash-bottles {Fig 11), one for a^co/to/ (methylated spiiit, 
diluted with its o-wu volume ot watei), the other foi loafci 
(IS) Eldei pith toi section-cutting (about 9d pei bundle) 



Pig 33 — Acco-iSonea foi Mioiouopjc Wuik 

A,B,rmcei)s, C, acilpol, D Mounte.l N-aodlo , E, I'Tocdlo lioldoi , intoA^lnUi fiuali 
needles cm bo fixed, V Spnit Imnp G, Uumil.i bdrivm Bottle, 11, Uoigcut 
bottle iMfcli Djopinng lod , I, J, Ghi.^ Rin- 'iiul aiulo fitted uifch uinio foi covoi 
glabs banging diop piep nations ’ 


97. Cells in Apple Pulp— Cut a apple in 

halves, remove a small hit of pulp ueai the coie, place it in 
a small chop of water on a clean slule, tease it out (■•ently 
with two needles Caiefully lowei a clean and diy eovei- 
glass ovei the diop, so that one edge is hist wetted and no 
ii-huhhle!, getm, hold the covei with diy foi ceps oi sup- 
part it with a needle and gently lowei it If au-Luhlbles 
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get in, or any water flows over tlie nppei aide of the covei- 
glass, start all ovei again 

(«) Using the low powei objective, note the numeioxid colouiless 
ceZ/ff, mote or less egg-sliapetl, either I'Molatecl or connected in groups, 
some may ha\e been injured by teasing, but most of them will be 
alive Find a place wheie the cells aie not too crowded, and put 
on the high objectne Note, in a cell, the thni smooth uJl-wall, 
lined inside bj'- a film of fine-grained ‘pt otoplatym^ and the laige cell- 
cavity [mcmK] 

(&) Put a chop ot salt solution on the slide, close to one edge of 
the covei -glass, but do not let it flow ovei the iippei side ot the 
covei (it it does, make a tiesh piepaiation), then pu^h a bit of 
blotting papei along to the opposite edge of the co\ei, so as to 
v^ 1 igate, the cells with the salt solution as the blotting-paper soaks 
up the watei Watch tlie cells, the piotoplasm film shiinks from 
the cell-wall as the cell is plobtinoly&cd^ but the vail itself shows no 
apparent change 

(c) ;Mount a tiesh bit of pulp in the same way m a drop of water 
and irrigate with glycerine (or mount at once in glyceiine) , the cell 
is stiongly plasmolysed, as with the ball solution, and the cell- wall 
also shiinhs and becomes folded as the cell collapses 

(d) Treat another piepaiation with iodine solution, the wall is 
not stained (or only stained lainbl 5 ^ yellow oi blown), but the proto- 
plasm becomes daik-biovn and a small rounded or oval body 
(;iric/«nrs) becomes piomment by staining more deeply than the rest 
of the protoplasm 

(e) Mount another preparation in Schulze’s chloi-zinc-iodine, and 
let it stand for a few minutes, the protoplasm stains blown, as 
with iodine solution, but the cell-wall is stained violet (reaction of 
ceUidose) 


98. Spirogyra. — Mount in watei and examiue with the 
micioscope a small quantity of Sjjd ocjyi a, a gieen filamentous 
fieshwater Alga, commonly found in floating masses, in 
summei, on ponds and slow streams ^ 

(a) The threads feel slimy, owing to a coating of mucilage on the 
surface Notice the unbianched filaments, each consisting of a row 
of cylindrical cells, separated by cross walls at intervals, and each con- 
taining one or more green spiral bauds 


^ Spnof/yta is supplied bj^ Mr Bolton, 25, Balsall Heath Road, 
Biimingliani, at almost any time, in shilling tubes Any otJier material 
for practical rvoik can be bought tiom Mr Bolton, or trom the Biitish 
Botanical Association, Holgate Niuseiies, York 

S B. 


6 
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(6) With the high powei notice (1) the smooth, colouiless cell-wall, 
(2) the thin film of gianiilai protoplasm immediately within the cell- 
wall, m Mhich aie emhedcled (3) the flat green hands, Mhich have 
lagged edges, and bhow at inteivals small lonnded leh active 

bodies, the pyrenoids , (4) the laige cential cavity {jw nolc) of the cell, 
containing colouiless tianspaieiit cell-sap, and (5) the highly lefiac- 
tive spherical oi lens-shaped nncleus in centie of cell 
(c) Stain some filaments Muth iodine, and obseive that the pyienoids 
have become daik pm pie oi almost black, owing to the piesenco of 
Clouded small starch-grains, and that the nucleus is connected with 
tiie outei lajei of piotoplasin b^ hue tlueads, each usually ending at a 
pyi enoid 

{d) INfount some Spuotiyut hlaments m watei, place at one edge of 
the covei -glass a feu diops ol salt-solution, and uhilo watching a 
filament, diaw the solution undei tlie coiei-glass by holding a jncee of 
blotting-papei at the othei side Notice that the piotoplasin sin inks 
horn the cell- wall, as watei passes b}^ diflusioii (osinosis) iiom the cell- 
sax’) vacuole into the salt-solution outside Sketch the contiaited 

01 phi'iniolybul lqW, then diaw a little watei undei the covet in the 
same mannei, and notice the cell letuui to its noimal yid condition 
(c) Place some Spuotjyia filaments in alcohol, and aftei a day or 
two notice that the s^jiial hands iiavc become colouiless, the gieon 
colouiing niattcL (eliloiopli}"!!) haMiig been dissolved by the alcohol, 
which also ooiitiacts oi iilasrnolyses the cells 


99 . Other Simple Px’eparatioiis. — Many othei iiiteiost- 
mg and 111 sti active piepaiations can be made by using fieab 
inateiials simply mounted in watei, e ij leaveh of Mosses, of 
water- jilants {ElodcUy Ntfella, etc), loots of seedlmgs (note 
tlie loot-cap, loofc-baiis, lootlets) 

(ft) IMoiint in watei a low wliolc leaves of a thin-leavod J\Ioss (tiy 
sevcial kinds and select iliosc which show huge and clcai cells), oi a 
Pein piothallns Note the X)ol3'gonal ccIIh, joined to toim a ])laU‘, 
without an 3 bjiaGea betueon them, and in cacli cell note the piotojilasm, 
thciacuole, the nucleus (been esx)ecicill 3 MVLll on staining with iodine 
solution, which, howcvei, kills the cull), and the nunieions small dise- 
like chloioxilasts or cliloiopliyll coipiiscles (slanicd x>niplo witli iodine 
if the 3 ^ contain staich) 

{b) In ]\Ioss cells 3 ’'ou can see the chl(jio})lasts in the act of dividing 
The ohloioxfiast becomes lengthenud and (hen nipped ac loss tlio middle 
so as to lebcmble a dumb-bell, oveiitualiy separating and hjiming two 
ehloioplasls 

(c) Got some Canadian \\''(itciwLed [E/odta), whicli glows almndanlly 
in many iivcis and canals, having long subinoigecl stems and loaves 
aiian^cd m thiees at each “ node ” Mount a tew leaven in walci, and 
look tOL the sbeaminy movomnU of the jii oloxilasrn, wdiich may bo 
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sLaited 01 hastened by gentty %vaiining tJie slide Sinnlai movements 
can be seen, even bettei, in the long cells of .Stonewoit^ {i^itdla and 
Ghat a), which giow in sluggisli sti earns, and the cells toiming the 
hairs on the stamens of 7''iafhsLantm (often giowii in gieenhoubcs) 
show moie complicated piotoplasinic inoiements 
(d) A ‘ moist-chanibei slide” is ^elJ useful foi obscmiig cii dilation 
of piotoplasm in Eiodea, etc , also foi watching the " " ■'"en- 

tubes A ling of glass is cemented to a slide, and or 

some pollen, is placed in a small chop on a cu\ei -glass, which is then 
inveited ovei the iing A slide of tins kind can be bought (Fig 33, I) 
01 can easilj’- be made by using a iing of caulboaid 

100 Section Cutting* — In examining the cellulai stiuctuie of a 
solid mass, e (/ cl stem, loot, oi leaf, ^ve can leain a ceitain amount 
ciusliing, teasing, oi maceiating the tissue'^, but the bc'it lesults aie 
obtained bj'' cutting thin sections iii difleient direction', Fresh ti^isues 
may be used for cutting, but it is olten better to use “pickled” 
material The pickling liuid u '' 1 • ’ work is methylated 

sp lilt diluted with a bo lit hill t its i ' Stems, roots, leaves, 

etc, preserved in thi^ vay in gUbSs jars arealuaj^t, iead 3 lot use 
Delicate plants, floweis, etc , may be piesei\cd m 4 to 6 per cent solu- 
tion oi foimaliu , toimalin a<^ -, 0 ^ a 40 pei cent solution 
In taking a section, the tissue to be cut should be lield between the 
thumb and iingeis of the leit hand , tlie lazoi in the right hand The 
Ups of the four light fingeis should rest on the back of the lazoi, and 
the tliumb in front, just behind the cutting edge The cutting edge is 
theiefoie directed mu aids, towards the opeiatoi The aims should be 
brought up close to the body Tissue and lazoi should both be wet 
^vlth alcohol The blade of the lazoi iiiaj^ lest geiitlj'- on tlie foiefingei 
of the left hand with the edge against the tissue Then the razor is 
diawn thiough the tissue with a sliding movement IHi/i practice^ 
extiernel} thin sections ma}^ be cut 
The sections should be iemo\ed fiom the la/oi by means of a biush, 
and plac ' > ^ mtaining alcohol or water Several may 

tlien bo and examined m water under the low 

pouei, so that the best be selected By means of the linen lag 
the excess oi uater maybe lemovcd, and iodine oi other leagent added 
accoiding to the special points uhich the student ui&lies to determine 
The reagent should then be washed oif uith watei, the excess ol watei 
removed, a diop of glyceime added, and finally the eo\ei glass put on 
The section should ahvays be mounted m the centie of the slide 
The cover -glass should be rested on its edge and let down gradually by 
means of a needle TJie section }iULd not he allotrcd to qct dt y during 
the process, oi an -bubbles u ill make then appearance If these do 
appeal, soaking the section toi some time in alcohol u ill renio\e tliem 
The cover -glass must be perfectly clean ind di^ 

Neatness and cleanliness aic of great importance in piachcal uoik 
At lust you uill find that the sections are latlici thick and often 
oblicpiely cut These aie difliculties uliich can be got o\ei only by 
care and piaobice Do not attempt to cliaw a bad bection 
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Veiy blendei oi delicate tissues, oi tliin stiuctuies like leaves, 
should be cut by embedding in pith oi caiiot If cairot be used, a 
piece 1 in y | in X J m will be found con\ emeut 

101, Structure of Beau Cotyledon.' — thin section 
acioss a Bean cotyledon shows an outer layei oi skin (epidei- 
mis) of small cells containing only fine-giained piotoplasm 
and a nucleus The innei cells contain, liesides piotoplasm 
and nucleus, laige staich-giains and small pi oteid- grams 
With iodine solution, the staicli-giaius aie seen to turn blue, 
while the piotoplasm and pioteid-giams turn biown and the 
nucleub IS deeply stained Tlie cotyledon has feebly- 
developed veins, appealing m section as iiiegulai stieaks 
and patches of small naiiow cells 

The diy Broad Bean seed contains about 60 xiei cent of ataich, 
25 pel cent pioleids, 3 pei cent oil, and 4- pei cent ash ingiedients 
(calcium, nmgiiesiurn, potassium, sulpl -- etc ) , the 

residue consists cluefly of cellidose (in ime silica (in 

seed-coat) 

102 Slide Mounting —hcctions and othei specimens may be 

momited m glycei me jelly Tlie bottle ol J 0 II 3 set 

m a cup 01 dish ot hot v-atei nntd the lelly melts, then the supeifluous 
vatei IS diawn tiom the specimen b\ using a bit of blotting-papei, the 
specimen coveiecl witli a chop of melted jelly (taken out with n glass 
lod), and a covei glass put o\ei it The jelly i*: > - ' r ^ 

absoibing moistme fiom tiie an, but this may be ■* 

ing loiincl the edge uf the eovoi -glass viUi a cement, e r/ Canada- 
lialsam 01 gold si70 

Moio lasting picpaia-tions aie made 113' mounting in Canacla-balsam, 
but all walei must be c\ti acted hist, by washing 01 steeping in 
absolute alcohol, 01 in sti ong meth^datccl spuit, tli on the specimen is 
tieated with ml of cloves and (atloi leinovmg excess ot ml with 
blotting-papei) mounted in a chop ot balsam 

Prepaiations of Spiioffijia, Muss loaAes, 01 other giecn pints vull 
often keep their green colom foi a long time if the tiosh specmiens aio 
mounted in a diop of acetate ol potasli (stiong solution) and iinged 
witli balsam 01 si7c 

103 Staining — Manj’- btaming substances aic used in advanred 
woik, 01 to pick out the dideient tissues in sections of stems, loots, 
etc Boi instance, hguilied (uoody) cell-walls stain deep red with 
safiamii, winch docs not stain celluloHQ walls 01 only faintty , hae- 
niatoxyhn stains cellulose but not ligiiiticd vmlls Instead of safianin 


^ See Slide No 1 in Plant Biology Golhctioii of ^Jviobcopic Slides 
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we may anj^ aniline stain {e (j aniline blue oi violet) toi ligiiified 
walls, and caimme instead ot liaeniatoxylin 

In an}’’ ca^so, the stain, di'ssolved in vatei oi alcohol, is applied in 
diops to the specimen on the slide oi tlie 'specimen is dipped into the 
staining solution m a watcli glasb and littcd out aftei some ininute'i 
with a blush , the stained specimen is then tv ashed with water or 
alcoliol, and if neuessai^ placed in a second staining solution foi double 
staining, 67 satiamn and haeiuatox^ liii, 01 aniline blue and cai mine, 
and finall} mounted 

Read} -stained pieiiaialions (sections of stems, loots, leaves, etc) 
can be bought The Plant Biolotfij Collection of Miuodooino Glides, (see 
Pietace) contains a good selection of piepaiations 


QUESTIONS ON CHAPTER III 

1 Describe the paits of a compound micioscope, with a sketch 
showing the paits labelled What is the use of a nosepieoe, a cover- 
glas‘^, a concave miiioi, a diaw-tubc’ 

2 , Desciibe the ‘^tiiictiue of a * in-r p«' 'I'h init.-nv cell and 
explain how it diQeis tiom that ot a I'lii _i m- H • t tl-- ame kind 

3 How vv^oiild you obtain a living gieen cell foi examination vvnth 
the micioscope’ Deaciibe, with sketch, the appearance of the cell, 
mounted m water, 

4 How would you obtain, foi inicioscopic examination, a living but 
not gieen cell’ Sketch the cell as seen (ft) 111 watei, (b) in salt solu- 
tion, (c) attei tieatmcnt with iodine solution 

5 Desciibe and sketch the cells seen in sections of (a) Bean cotyle- 
don, [h) Date stone 

6 Desciibe the cii dilation of piotoidasm as seen in any living cells 
} oil hav e examined , name the plant used and sketch one of the cells 

7 Desciibe and sketch the appeaiance of a cell of vSpuog^ia, {co) in 
watei, {b) in salt soluLion, (c) altei tieatment with iodine feohitioii, 
(cZ) aflei tieatment v^nth alcohol 

S De^cube, wnth sketches, wliat j^oii have seen (1) with naked eye 
and lens, (11) with the micinscope, ot (a) the stiiictiiie of a gram of 
Wheat 01 Maize, (Zi) the oiigin ot a luotlct, (g) the btiuctiue ot a young 
stem, e 7 Suntlowei, 

9 IVIake a diawiiig ot some living gieen cell which jou have j'om- 
selt obseivecl Name the vaiious paits 30U hguie, and state m a few 
wmids the use ot each in the lite ot the cell How" was the cell 
obtained and piepaied-’ how many diameteis does 3’-oui di awing 
magnify the size ot the oiigmal ’ 
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10 Explain tlic opeiation of cutting and mounting sections oi plant 
fitiiictmes foi examination undei the nucioseupe Why aie such 
scetions cut thm ^ 

11 How wGulcl you wilhdiaw the -watci fioni a living cell without 
killing the xnotoplasin lhaw its axjpeauuice when thus tieated, 
iinrlci the same powei, and explain, so hii as i^ossible, the piocess tliat 
has taken place 
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PHOTOSYNTHESIS AND EESPIEATION 

104. Questions arising* from Work on Seedlings. — 

The observations you have made on the growth of seedlings 
must have laised many questions, such as the following 
Why does the young mam loot grow vertically downwaids, 
no inattei how the seed is. placed ^ Why does the shoot 
giowiipwaids^ Why does a seedling remain yellow when 
kept in daibuess and ultimately die, while a seedling set in 
the light has gieen leaves and keeps on giowing-^ Is it 
possible to make a mam loot turn fiom the vertical diiec- 
tion which it usually takes How does growth take place ^ 
Wheie, and how, is the force shown by gi owing loots and 
shoots developed^ How would the giowth of a yonng Bean 
plant be aiffected if one cut oft the cotyledons, or the lOot, 
01 the shoot ^ How does the seedling get food when that 
stored in the seed is all used up ^ 

The only way in which one can gam any real knowledge on 
these points is to put each question to a living plant and 
make the plant itself give the answer — in other words, to 
make experiments Write down any other questions that 
occur to you as your work proceeds In each case keep a 
record of (1) the inquiry, (2) methods and appaiatus used, 
(3) observations and results, (4) inferences 


105. How do Plants Peed? — After the seedling has 
used up the food laid up foi it m the seed (m the enibiyo 
itself 01 m another part of the seed), it must, in order to go 
on living and growing, get food in some other way From 
what sources, and bv what processes, does the jilant obtain 
food What substances does the plant need foi healthy life 
and giowth-^ Seedlings giowu lu darkness lose in diy 
weight and eventually die (Ait 65 ) , the smaller the amount 
of food stored in the seed, the shorter is the life of the 

71 
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daikeued seecllmg Some fiiitlier expeiimeuts -will serve to 
emphOiSise tins point 

* Remove (a) one cotyledon, {&) both cotyledons, tioin soaked Bioad 
Bean or Scarlet Ruunei seed? just beginning to geinnnate Place some 
ot these seeds, along >;vith untouched seeds, in the liglit , place otheis, 
also with untouched seeds foi comparison, m daikness 

* Remove the Joliage leaaes from (1) a young Bean plant which has not 

yet used up the tood in its cotyledons, (2) an oldei plant whose cotyle- 
dons have fallen olf (if they hiiAe sliiunk consideiably, but aie still 
attached, pull them ofi) Does theiemo\al ot the T ' « ’ heck 

the giowth of the plant, as compaied with that i ^ left 
untouched’ In which case, (1) oi (2), is the efiect gieatest’ 


106. Comparison of Cotyledons and Foliage-iLeaves. 

— "Wq have seen that the cotyledons of the Bioad Bean 
resemble the foliage- leaves in the fact that hianches aiise in 
their axils By giomng a seedling m colomed water it can 
be shown that the cotyledons have veins, which can also 
be seen in sections examined with the microscope It is 
always a useful plan to tabulate — i e to wiite down in 
paiallel columns — the chief diJ^eiences between diffeient 
plants 01 difteient paits of the same plant, as legaids then 
position, foim, striictuie, etc — and then to find out as com- 
pletely as possible, by obseivation and expeiimeiit, tlie 
reasons foi these diffeiences In compaiisons, of this land 
always tiy to disco vei whethei diffeiences m shuctu'ie can be 
explained as due to difleieuces m function 


Cotyledons 

opposite 
small 
simple 
palo yellow 
thick 

veins obscure 
no stipules 
remain below gioiind 
giadually tuiii smallei 
fall off attei a time 


Foliage-Iieaves. 

nlloi nate 
large 

compound 
gi ecu 
thin 

veins oouspioiioiis 
stipules piosont 
Immod above giouiid 
giadually tuiii laigoi 
remain on a long time 


Can you add any fuitlier differences ? Tiy, as you proceed 
with yom study of the gieeii leaf and its woilc, to explain 
these diffeiences m foi in, texiaue, dmation, etc , between 
the cotyledons and the foliage-leaves of the Bioad Bean 
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Gatliei and examine leaves of vaiioiis kinds, living oi 
fallen, eveigieen oi deciduous, stalked oi unstalked, simple 
01 divided (compound) Wliat is theie common to neaily 
all leaves, liowevei tliev ina,j dilfei in detail*^ In wliat 
sunoimdings do you find plants with thick fleshy leaves ? 
Does the geneial hioad and thin foini of the leaf -blade 
suggest anything as to the functions of the leaf ^ Do most 
leaves seem to expose as much siuface as possilile to light 
and air^ We saw that the seed-leaves of Bioad Bean and 
of many othei plants contain food, and that if they aie 
lemoved fiom a soaked seed which is beginning to gei inmate, 
the gi owth of the young plant is stopped 

107, Do Leaves contain Pood? — We have seen that 
seed-leaves often contain food-mateiials — e ^/ staicli, pioteids, 
oils It will be easy to find out whetliei foliage-leaves con- 
tam any of these foods Let us test them foi the piesence of 
staich, by using iodine solution To do this we must tiy to 
lemove the gieen coloui 

* Boil in watei some leaves taken fiom a Bean seedling, oi some obhei 
plant with thin flat leaves, which has been glow mg m the light The 
coloiu doe‘5 not come out Place the boiled leaves in alcohol, and notice 
that the leaves, giadiially lose then coloui, while the alcohol turns 
gieen Tiy seveial diffeient plants in some the extiaction of the 
green substance takes place vei}^ slowl}^ iii others (e ff Bioad Bean, 
Tiopaeolum, PiimiObe) much moie quickly ^ When the leaf is coloui - 
less, place it in a saucer and pout dilute iodine solution ovei it Tlie 
depth ot coloui pi educed shows loiighh how' much sfcaicli ispiesent 
If there is abundance ot staich, the colour is neail}^ black, if little 
starch, it is bluish , if no starch is piesent, the iodine nieiely turns the 
leaf biownish 


108, Does the Green Leaf make Starch ? — Wlieie does 
the staicli como from P Is it made in tlie leaf P 

We have seen that when a Bean seed germinates in the 
daik the seedling has small pale leaves which do not become 
gieen, while staich stored up in the cotyledons giadually 
disap^peais If an oidmaiy gieen ])lant weie set in darkness 
f 01 some da3"s, would its leaves contain stai ch 

^ Bo nob Z/ozHeaves in alcohol, this is dangeious, ’wa'^tetul, and (it 
suitable plants aie used) unnecessaiy 
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Keep a plant in daikness until the leaves no longei show starch when 
tested with iodine, then cut oft seveial lea\es and set them in turubleis 
01 bottle's of watei , the stalk should dip into the vatei Set some in 
sunlight, the otheis in daikness, and attei two daj^s decolonse and test 
vith iodine the two lots of leaves Those kept in darkness show no 
staioh, but staicli is found m those that liave been e\.posed to light 
Tins means that staicli is 'inade. b} leaves wlieii in the liglit, but not 
Allien in daikness 


109. Is Light required for Starch-MCaking ? — The 

piececliug expel iiueuts show that starch is found in leaves 
that have been exposed to light, whilst it is absent fiom the 
leaves of the same plant aftei it has been kept in daikness 
foi a day oi two Tins suggests (1) that light is leqimed 
foi staicli to appeal in the leaf, (2) that the staich foimed in 
the light disappeai s in daikness. 

* Set some plants — e g Bioad Bean, Piiinioae, Tiopaeolum — in pots in 
daikness foi at least a whole In the moiniiig take off some of the 
leaves, decolonse them, test with iodine , they give only a light biowu 
coloiii, sUieli being absent Choose a day v itli sunsliiiie oi good dif- 
hised light foi these expeiiments — 

(ft) Let some of the leaves on tlie plant lemain untouched 

(/;) Bix a strip ot tinfoil acioss the leaf, on both sides (above and 
belou) , 01 pill to the leat two ftat slices ot coik oppo^iito each othei on 
the two Sides, oi sLitcli to the uppei side of tlie leat a piece of lilack 
papci 01 clotli The object lu each case is, oi com sc, to exclude light 
iioin a poitioii oi the loat 

(c) WiUi a kinie 01 scissois, cut the woids “staicli,” “light,” your 
initials, etc , in capital IcLtms out of .i soiios of caids , fasten eacli caid 
to a bioad leaf (a Piiimoac plant, dug up and giown in a pot, oi in a jar 
of watci, ciiisweis Moll), and, aftei letting the plant stand foi a full 
day in dailviiess, expose it to light ioi scvctal hoiiis, then decolonse 
and test In tins wa^’’ we can get vliat nnglit be called a "starch, 
punt,” fioni analogy with a phutogiaphic piiiit 

A bcautiliil modihcatioii ot the expeiiment is to place a “shaip” oi 
‘ ‘ haid ” photogiaphic negntivo c one with shai p distinctions ot light 
and shade) ovei the leaf and expose to light 

In each case expose the plant to light iiom iiioining tdl late nftei- 
110011, then take oft the leaves which have been tieated in these \aiious 
ways, tying to each a label, decolonse thorn and tost with iodine solu- 
tion Slake notes of youi obsei vations and fonchisions as to the 
conditions undei which staich is miido by leaves AUei being tested 
vitli iodine, the loaves may be jnosoi\ed m akoliol and thus made 
colouilcss again, and on hoing soaked in hot watei will again give the 
staich leaction with iodine The same leaves can theiefoie he 
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used ag'aiii and ag^ain, staicli once toimed leniaiii^ in leaves which 
ha \ e been killed by boiling In class-teaching, hovevei, it is always 
befctei to stait expeimienfcs lioin tlie beginiuiig 


110. Is Air needed for Starch-Making ? — It is veiy 


ea^y to piove that the gieeu leaf contains 
air and beais openings (stomates) com- 
municating with the atinospheie , tlie^e 
openings are usually most abundant on 
the undeiside of the leaf This at once 
suggests a metliod of finding out whethei 
ail IS concerned m staich-mahmg 

* [a] Dip the lea\e3 of \aiioiifa plants into 'leiy 
hot (jusi boiled) vatei in a v aimed tiimblei, 
and notice the expulbion ot an -bubbles In 
many leaves tJie buljbles onh appoai on the 
lowei suiface, eg Lauiel, Rhododendioii , in 



otheis they appeal on both sides, but moie 1 ^! 

abundantly on the lowei siuface, eg Bioad 
Bean Cut a laige leaf {eg Lauiel) aciossand 
dip the cut edge uiidei watei, obseiving the 
sLicams of bubbles given oil 

{b) Tij to blow thiough leaves dipping into 
watei, lust with the stalk and then the blade 



Fig 34 


iiiidei watei The simple appaiatus shown in Fig 34 may be used 
to suck an thiough a leaf Suitable leaves aie Lessei Celandine, 


Clniiese Plumose, Maish Mangold, Watei Lil}^ 


^ (c) E^Gn uhen one cannot foice an tluough a leaf with the hings, 
the piesence of an sjiaces and of openings on the siuface can ea&ilj’’ 
be shown hj using an an -pump oi exhausting syiinge to suck an 
thiough, 01 a bicycle pump to lilow aii thiough The leaf-stalk should 
be fixed in a boied coik, with anothei hole foi a shoit glass tube to 
connect with the synnge oi pump by means ot lubbei -tubing The 
eoik IS fixed into a vide necked flask oi bottle, and the vliole made 
an-tight vitli plasticine and vaseline 


WJiat lias t.lie an, wliicli can leadily entei the leaf by the 
stomates and ciieulate in the an -spaces witlim the leaf, got 
to do with staich-makniig We shall study this c|uebtion m 
some detail pieseutly Meanwhile let us see what happens 
if an is pi evented fioni entei mg a leaf winch is otlieiwise 
placed imdei conditions favouiable to the piocess of staicli- 
inaking 
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Heie again it seems necessary to enipliasise tlie necessity 
for mating ‘‘contiol” eipeiiments Tlie following four 
expeiinients, foi instance, are not conclusive oi satisfactoiy 
imlebS in eacli case you also test leaves on tlie same plant winch 
have been left iintoiicliecl , in this case, as in the expeiiments 
of Alt 109, the leaver which aie being investigated must be 
lett on the living plant 

{d) Sineai the lowu my fact of a leaf witli vaseline , this vull block the 
stumates, v Inch in man} leaves aie niostl} ol even entiiely found on 
the low ei smlace Find out the clistiibution of stoiuates on the two 
sides ot each leaf you expeiiiiient ^vitli l>> teaiing od and examining 
with the micioscope pieces of the louei and the nppei skin If you 
have no microscope, dipj)mg LJie leal into hot uatei gnes a loiigli idea 
on this iioinfc 

(e) Smeai a small cuculai aica of the leaf with vaseline, applying it 
to both szdci, so that Lins pait ot the leaf will be shut oft on both sides 
fioni cojuiuanication with the atinosplieie tluough the stomates 

* (J) Sinoai vitli vaseline the uj^pa suiiace of anothei leaf 

* {(/) Smeai hoik siii faces ot anothei leaf 

The results of these simple expeuments will show that the 
an IS, somehow oi othei, coiiceined with the piocess of 
staiclnmakmg (Ait 113) What about leaver which giow 
imdei watei, like tliose ot submeiged acpiatic plants ^ 

* {h) In an expeiimeiit on gciiinnation vo pievented the access of aii 
to seeds by oo\eiing them with ^^aLel, and in the pieccdnig expeii 
meats VO ha\e excluded an b} > . im. tli- 1- if with vaseline Tie 
the stalks ot the lca\Gs of some .nim n I imi | I ini , to a stone and sink 
tliem iindei walei in a glass jai J. j.. . o |. Ii„iii and afterwards test 
the leaves foi staicli 

* (?) Repeat the last expeinnont wiLli the loaves of a plant vv'hich lives 
submeiged in watei — e f/ Watci Wtaiuuifc, Canadian Watei weed, oi 
any otliei plant you find gi owing lieluw watei in ponds oi stioams Do 
these submeiged leaves possess sLoniales’ 


111, Is Wariutli needed for Starch-Making? — It is 

veiy easy to find out whether tempeiatuio has any influence 
on siaich-pioductiou by leaves Place a leaf in a saucei oi 
■jai kept cold by ice, expose to light, and aftei seveial houis 
test foi staich 
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112. Is Chlorophyll needed for Starch-lMCELking' ? — 

Have you noticed, in yoiu expeiimentt, ivitli leaves of Bioad 
Bean, Tiopaeolum, oi Piimiose, that the veim lemain un- 
stained even when the rest of the leaf is blach with the iodine- . 
test ^ This in itself shows that staich is only tormed in the 
green paits of the leaf 

* (a) Trj vai legated leaves (e q vaiiefcies oi Geiaiiiuin oi Ivj ), malviiig 
a caieful diawing oi each leat befoie it is clecoloiised and tested with 
lodme, and obseive that onl} tlie gieen iiait'^ pioduce staich In 
leaves whose veins aie coloiuless, oi neaih' so (e q Pumioseh ow ing to 
the cabseiice of cldoiophjll aliove and below tliein, jou will notice that 
the veins stand out fiom tho lebt of the leaf vheii the iodine test is 
applied, the absence of staioh 

* (&) Glow seedlings (Bean, Pea, etc ) in claikness, then put them in 
the light foi a day and test the leaves foi siaich Leave them in the 
light until then lea\es tnin gieen, then te'^t again foi staich 

These xesults shov that the gieen substance (chloiopliyll) is essential 
foi the inocess of staich-inaking by lea\es 


113, How IS Air concerned in Starch-Making? — We 

know f 10111 pi evious expeiiments that staich can be hioken 
up, by heating it, into carbon dioxide and water, and that 
caibon dioxide is always piesent in the an, being pioduced 
by all piocesses of bin mug when the substance iindei going 
oxidation contains caihon We shall see latei on that a plant 
inci eases in diy weight when giown m a cultuie solution 
which contains no caihon, thouoli moie than half of the 
plant’s diy weight consists of caibon 

If you considei these facts caiefully ’^ou will probably 
conclude that the caihon in the staich made by the leaf 
comes fiom the caibon dioxide in ihe air Does the leaf in 
some way make caihon dioxide and watei come togethei to 
foim staich ^ If so, a plant which is exposed to light and is 
making staich must he taking caibon dioxide fiom the air 
"^Vhat will he the effect of exposing gieen leaves, in light, 
to an containing no cai bon dioxide ^ 

* {a) Heat in a diy test tube (1) pieces of laumliy staich, (2) leaves, 
(3) pieces ot steni'i, (4j pieces oi loots, (5) any othei plant tissues 
Notice that watei is given oil a^ vapoiu vliicli condenses in the iiiDpei 
pait of the tube, and that a black chaiied mass lemains (chaicoal, i e 
caibon) Fix a J-shaped tube into a eoik to fit the test tube, and let 
the loiigei limb dip into lime-watei in a bottle oi test-tube , notice that 
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caibou dioxide is given off, oausing a white piecipitate, ■when these 
substances die stiongly heated The'^e expeiinients show that all 
paits of plants contain Ccaibon, and that sbatch {the toiiuatioii ot 
which m plantb has been jiioved in the pieoeding e\peiiments) a-lso 
contains caibon 

(6) Put a “ Ndstm tmiii ” (Tiopaeolum) leat in a small bottle eon 
taming watei, so that itij stalk dips well into the -uatei uhile itt. blade 
lests on the neck of the bottle Pom some caustic potash into a vide 
necked glass jai, and lowei the bottle with the leat into tins ]ai , then 
coik the 3 ai tightly, and bmeai the edges ot the cork vith vaseline 
The leat should be taken tiom a plant which has previously been kept 
in daiicness toi tv o daj^s Tlie leaf is now exposed to an whose caibon 
dioxide is absorbed by the 2 iotasIi solution Set up a control ex^ieii- 
meut in which the aiiangements aie the same, but lea\e tJie jai oxien 
01 cover it with a coik (oi a ^nece ot vood) in which a hole is boied to 
admit ail 

* {o) Use the same apparatus, but, instead of pour mg caustic potash 
into the jai, pass thioiigh a hole m tlie cork closing the jar the tube of 
a funnel which is filled with soda lime, oi with lumps of caustic potash 
This will admit air, but absoib the caibon dioxide it contains As a 
control, use a similai apparatus, bub place in the funnel giavel instead 
of sodadime oi potash 




lug 35. — Moll’a Ex2Kiiniont 


* {d) Fit a wide-mouthed bottle witli a coik cut in two aoioss the 
middle bmear with vaseline the edges ot eacli half of tlie coik , pom 

some deal lime-watei into tlie bottle Then lay the laittle on its 

side and place between the halves ot the coik a Piiimose leaf of con- 
venient size, so that lialf the leaf i-^ msidc the bottle and the other 
half outside (Fig 35) The base ot the leal, oiitbide of tlie bottle, 

should dip into water m a small dish Sue that the hahes of the 

cork aie seciaely sealed with vaseline, tiien coici the whole appaiatus 
■with a large bell-jai, and set it in a good light After some lioiiis, 
remove the leat, decoloiise, and lest with iodine If tlie expoiiment 
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has been pioperly aiianged, the paifc of the leaf inside the bottle {i 6 
in air hee fioni caibon dioxide, Mducli has been absoibed by the linio- 
watei) contains no staicli, while the pait outside it does If you do 
not get this lesult at hist, tiy the expeument again This is known 
as Moll’s expeiiment Baiyta-watei oi potash nia}'^ be used 

114. How IS the Volume of the Air affected hy 
Starch-Makmg ? — If some living leaves aie placed m a 
closed vessel, how does their absoiption of caibon dioxide 
affect the volume of the an P Does the volume dimmish ^ 

* Place a tew fresh leaves (tiom a plant wJiicli has been ptevioiisl}’’ 
kept in daikness foi a day; m a glass jai fitted witli a boted coik 
tliLOiigh wliicli passes a twice-bent tube (J-tube) and let tlie outei limb 
dip into watei coloiued with led ink in a small bottle, as iii Pig d(J 
Chaige tlie au m tiie jai with caibon dioxide as bcfoie , coik tiglitl^^- 
and seal with plasticine ol vaseline Cause the coloiued watoi to iiso 
a little Ava3Mii the outei tube, wanning the jai gently and then 
letting it cool Maik the level when the piepaxatioiis. aie complete, 
and set the appaiatus in good light (not diiect sunlight) 

Does the \mlunie ot an in the apparatus (and theiefoio the loiol ot 
the watei) altei at all ’ Since changes m tempeiatuie allecb the level 
(why’), it IS well to pieient diaughts by placing a bell-jai o\ci tho 
appaiatus, oi to set up a contiol experiment (oinittingonly tho loaves) , 
note the tempeiatiiies by hanging a tliei niometei neai the appaiatus oi 
passing It tluough a hole in the coik of the ]ai Test tho au ui tho 
jai toi caibon dioxide after a days expo&uio to light, by iioiuing in 
some hmo-ivatei oi bai 3 ta-\vatei This expeiiment shows that when 
carbon dioxide is absorbed by green leaves, an eq^iial (oi 
neaily ei^iial) volume of some other gas is set free. 

115, How does Starch-lMCaking' change tlie Com- 
position of the Air? — Have you evei noticed, on a wann 
sunny day, brisk sti earns of gas-bubbles au&ing fioni plants 
glowing undei watei in a pond 01 an aquaiiuni P 

* (a) Collect some of these siibmeiged watei -plants— e ^ Watei Slai- 
■wort iCallituthe) 01 Canadian Watei w^eed {lIjloderi)—fx\\& Lest then 
leaves foi staieli Place them in a laige glass vessel [e q a beU-j<it lost- 
ing on a wooden suppoi 1 ) , if necessaiy tie them to a stone to Keep llumi 
togethoL at the bottom Aie the gas Inibbles given oil in darkness’ 
Covci the vcbsol with a black cloth and see if the bubbling sLoiis attci 
a shoit time, then expose tlie \essel to light again Watoi-cioss 01 
Mint wull do, it tlie plants mentioned cannot be obtained 

* [b) What do these bubbles consist of ’ Is the ga~ ' '' 
oxygen, 01 caibon dioxide’ We know^ that watei 

ail, and that this dissolved au is iichei in caibon clioxido than 
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oidmai*3 an Pi ess a glass funnel down on the plants, and eitliei fit 
apiece of inbbei tubing to the tube of the funnel, oi, better, inveit 
ovei the lattei a test tube filled witli watei, so as to colleot the gas 
gueii ofi bv the x^anU That this gas is oxygen (m lealit}^ au uth 
in oxyrjui) can easilj" be piovecl by its causing a glowing sphntoi of 
’Wood to Inust into flame, oi by coiking the end of the tube while 
still 111 the watei j tiaiisfeiLing tlie tube to a vessel containing solution 
of p^iogallol in caustic potash and oxocmng it, Mlien the gas Mill be 
almost tntiiely alisoibed by the solution , see Ait 56 (r) 

** (c) Keep your "watei plants in daikness until the loaves slio’w little oi 
no staich, then tianstei them to watei which has been boiled (to exx^el 
the dis&ohed gases) and then cooled Expose them to light, wuth 
funnel and test tube as befoie Is any 0x3 gen gn eii ofi by the plants, 
and do the3^ make an}" staicli ’ 


116. Which Parts of the Plant absorb Carbon 
Dioxide? — ^Ai'e the letaves (01 other green oigans) alo7ie 
able to cibsoib and iiiie the carbon dioxide of the atmo- 
spheie ^ 

* (a) C4eb five \vide mouthed bottles, wnth tiglitl} fitting coiks Wash 
each bottle out wntli watei, to ki ep tlie an inside it moist, and label 
each wntli a nuiubei (1 to 5) Leave 1 emx^ty, to sei\6 as a check 01 
“ contiol Into 2 and 3 put some living gieen lea\es, into 4, some 
gieen leaves wfiiich have been kilkd b}" boiling , into 5, some xiieces of 
limig ■wood cut fioni a biaiicli, 01 some loots, or miishioorns, 01 aii}^ 
othei living but no£ (peen tissue Cliaige the bottles wulh cat bon 
dio-^ide b}^ bieatliiug into each se\eial times Anoihei plan is to poiii 
into eaeli jai some “ soda watei” fiom a siphon (a convenient 
method is to use a Spaiklet s3"X)hon, cliaiging it without adding soda) , 
the '^socla-w atei ” is ot oouise simpl}" ' ^ '' ith carbon dioxide 

Ooik f'acli bottle tightty, siiieai ing th 01 ks witli vaseline. 

Place bottle 2 111 the daik, tlie otli( ' for a whole day 

Then test each bottle foi caibon dioxide by x>ouiing in a little lime- 
watei and seeing Aihetliei it turns milk}" 

T13" the expeiiments seieial times, and lecoid yoiii results, with the 
infeiencG'^ to be diawu fioni them If caicfull}" earned out, these 
experiments wull show" (1 ) that In mg gieen iea^ es alisoib caibon dioxide 
fiom the au in sunlight, (2) that the}'- do nut absnih it in daikness, (3) 
that dead lea\ e^i do not absoih caibon dioxide, (4) that li\ing but not 
gieen xiaiLs of plants do not ab^oih iL 

^ (h) Repeat the obsei\ations on the gmng-ofi of oxygen by watci- 
plants, but jnit into the w"atei, along with the watei plant, x^ieces of 
livung loots and ot ninsliiooins Do these Jiving but not gieen tissues 
gne olf oxygen’ It any gas hubliles escaxie fiom them, do they come 
off in light only, 01 in dai kiiess as well ’ 
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117 Does tlie Leaf gam in Weiglit by making 
Starch? — We saw that seedlings giown m daikuess lose m 
diy-weight, while seedlings exposed to light gam in diy- weight 
It IS easy to piove that the loss and the gain aie due chiefly 
to loss and gam of caihon How could 3"ou prove this hy 
expeiinient? To what piocess do you suppose the gam in 
diy- weight is due when a seedling is giown m the light ^ It 
IS very eas,y to find out 

(а) Take a plant w}uch ha*? been gi owing in the light, and set it in 
daikness foi a day oi two — until a leaf picked ofl:, decoloiisecl, and 
tested with iodine, shows no starch Remoi''e a second leaf, hull it by 
holding it in the sl.eain isbuing fiom a boiling kettle, diy it in an oven, 
01 simply put it in a waim chj place, and weigh it Now expose the 
plant to blight light toi seveial houis (fiom inoimng until evening) , 
remove a thud leat (as neaily as possible siinilai m size to the second), 
diy and weigh it, and compaie its di}'- weight v ifch that ot the second 
leaf It a Bioad Bean needling oi a Tiopaeoluni be used, it will 
bo ea-ay to select leaflets, or lea^ es, of the same size 

(б) Refieat the preceding expeiiment, using leaves seveied fiom the 
plant and set in watci m small bottles oi tubes 

((.) A moie accuiate lesult vill be obtained if you use pieces of the 
same loaj toi compaiison Use a plant vutli laige leaves, e <j Snnflowei, 
Piirniose, Vegetable Mauow, Rluibaib If the plant used is growing 
in a pot ui box, keep it in daikness oveinight , it it is giowing oiit-of- 
doois, you must eithei get up with the sun to stait the expeiiment or, 

1 ^ iver the plant in some way the previous evening so 

1 ^ or no light until you are ready to begin 

Choose about six mmetiical leaves, divide each in two longitu- 
dinally, cutting along close to the midiib Find the area of the 
lemoved half -leaves Ijy cutting out a paper model of eacli halt-loaf and 
weiglnug the jiapeis against strips ut similai j^aper an inch (oi 2 oi 3 
niches) wide, until by balancing you get tlie total aiea of the halt- 
leaves Kill these with steam, diy them, and leeoid the di;^ weight. 
Evpose the plant to light until evening, leinove the lemaining half- 
lea^os (cutting along by the inidiib), diy, and weigh 

Expermieuts of this hind have shown that the leaves of 
Simflowei and Vegetable Maiiow jH’oduce in a simmier day 
of fifteen houis about an ounce of staich pei square yaid of 
suiface The luuease in weight due to staicli-foiination does 
not lepresent the total amount of caibolivdrate produced, in 
the Simflowei, foi example, only oue-sixtli of the manufac- 
tuied caibohydiate appeals as staich, the rest being laigely 
earned fiom the leat to otliei paits ot the plant as sngai. 

SB. 6 
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118. Structure of the Leaf. — A fullei knowledge of the 
stiuctuie of the leaf will help iib to luidei stand its functions 
bettei Even if you have no microscope, you can learn a 
good deal about leaf-stiuctiue by simple methods 

The leaf (Fig 36) is co vexed exleinally by a layer of 
flattened cells (skin oi ejnde?»??s), and the outei walls of 
these skin- cells aie chemically changed, the cellulose being 
cidumed by the addition of a substance (cutin) which is 
almost iinpemieable to water and gases This substance, 
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Fig 3u — StiuftuiQ uf Pait of a Bioacl Boan Loallot 


which lesembles coik in some i aspects, is most ahuiidant in 
tlie outei pait of the celhwall, so that the eiiideimis is coveied 
by an outei sheet oi cuticle The cuticle acts as a piotection 
against di ymg , it it, e'apecially well developed m tlie leaves 
of plants that glow in exposed situations and in those of 
“eveigieen” plants, while it lemains undeveloped in ^dunts 
which glow siibmeiged in watei 

The epideimis is clisconlmiious at ceitaiii points, leaving 
naiiow oval apei tines called stoniates, each oi which is 
sm rounded by a pair of special cuived guaid-cells The 
lattei aie able to open oi to close the stonuites, loi when 
they aie quite tense (tniqul) they cuive apait, but when less 
so they collapse and come togethei The stomates aie veiy 
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nimiite but extremely niimeious, aud m hijacial leaves wliicli 
have distinct uppei and lowei suitaces they aie usually more 
abundant on the lowei biuface ^ 

The centie uf the leat is occupied by oiound tissue, thiouivli 
which strands of condiictin^ tissue lun, the lattei beiiu* the 
“veins” of the leaf In bitacial leaves the giouiid tissue 
{mesopliyll, oi cential-leaf tissue) is usually divided into an 
ujDpei legion m which its cells aie long and uaiiow m the 
veitical diiection (le lengthened at light angles to the 
smface of the leaf), and a lowei i eg ion in which the cells aie 
branched and loosely aiiauged The upper tissue (palisade 
tissue) IS compact, the cells being close together or separated 
only by naiiow spaces, whilst the lowei tissue i^spong}'- tissue) 
contains laige spaces between the cells The cells of the 
palisade and spongy tissue all contain gieen giains, so do 
the oLiaid-cells of the stoiiiates, but not the othei cells of the 
epideiims, noi those making up the veins 

It IS easy to discover that the spaces between the cells of 
the middle tissue of the leal contain air, and that they com- 
municate with each othei tliroughout the leaf, with the air- 
spaces in the coiiesponding tissue (gioiiud tissue, coitex) of 
stem and loot, and with the external an by means of the 
stoinates The gieen giams (chloioplasts), piesont lu the 
cells of the middle tissue (iiiesophyll) and m the g-uaid-cells 
aie spongy piotoplasniic bodies containing lic[uid chloio- 
pliyll, which can be dissolved out of the grains, leaving them 
colouiless 

* (rt) The toUowin^r is a good method o\ Gx.iniiniiig blio sUucLme ot a 
leat Boil some small eiitue IcaA (those ot Bo^ oi Jhivet ansvei 
well) in ciiiistie potash tui «ihoiit Lcn innuites Hold a leaf iindei 
watei, and with scissois cut oil a stiip loiiiid the niaigin , the leal is 
then leadily Mcpaiatedj with the aid ot a inuuiited needle, into tliiee 
paits, which ‘should he mounted on sepaiate slides and evaniined witli 
the lens, and then coveied with a covei-gLiss and examined with the 
micioscope TJio three part's aie (1) the uppei sicin or ciudeumSj 
(2) the mebOpliyll, containing tlie \cins, (d) the lowei sLin - 

^ A sfpiaie niillmictie ot Bioael Bean leallet ga\e, as tlie av’eiage 
of se\eial countings, 90 stomates in the upper epidennis, aiifl 110 
in the lowei , a leallet wnth aica 10 sq ems llieictoie heais ovei 
200,000 b to mates 

“ See piepaiations ot Box-lcat, made in this Avay, in the PUmt 
Biolotjij OolleLtion oj Mia oaeopzo Hildas. 
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The iixJi)er and lowei 'akins aie thin and fcianspaient, each one 
cell in thielaies' 5 , they aie, ot com be, contimion ‘5 AMtli each otliei 
at the edge ot the leat In the uppei '^kin all the cells fit clo&ely 
togethei without any spaces betw'een them, hut in the low er skin theie 
aie miiiieLous openings (stomates) Tease the middle tissue with 
needles, so as to sepaiate the cells m one poition , notice the shapes ot 
these cells, some being cylindiical, otheib biaiiched You Avnll piohahlj' 
find some ot the hnducal cells still attaclied to the inside ot the uppei 
skin, and some ot the blanched cells to that ot the luwei skin 
^ {Jt) Fold a laigc leat {eg Lain el oi Rhododendion) seveial times, 
and cut thiu sections, keeping the lazoi wet with alcohol Momit m 
watei, e'camiiie wuth a micioscope, and sketch a thin part Cut some 
sections w itli the ra^oi di y, and mount in watei , notice the presence of 
minieious iiiegulai aii-hiilibles between the cells ot the spongy tissue, 
then imi in some alcohol and olisei\e the e\pulsion ot most ot the an 
in the f 01 111 ot spheiical liiihblcs Tins sliows that the fc.paees betw^een 
the cells of the spongy tissue contain air How' did this aii get m ' 
In thin sections, try to find stomates leading into the an -solaces 

(c) Stup off a piece o£ the lower epidermis (Bioad Bean, Naicissiis, 
Ainm, and Ivy-lea\'ecl Toadllax answei ■well), mount m ■watei, ancl 
e^Kamine with the micr osGojie Kotice the stomates (aie they open oi 
closed b and the picsence ot ' ^ , m the guard-cells (do 

they ocein in the other cells o i ^ ^ Find an open stomate 

■with the high powei, put a chop ot 3 pei cent salt solution at one side 
ot the CO vei -glass, and dtaw^ it tin o ugh with blottmg-papei Notice 
the ellecb of this on the stomate Now^ 2mt a chop ot watei at one 
side and chaw it Ihiough, until the stomate opens again sketch the 
stomate opened ancl closed 'J'lie salt solution cUaw^s watei out ot the 
guard-cells, and then the stomate closes as the guaid-cclls lose then 
tiugicUty and collapse When watei is added, the gnaid-cells ahsoib 
it and sw^cll up, Ijecomiiig tuigid, and the stomate opens 
* (d) Cut sections of leaves that have liccn exposed to light for so\eial 
hoius Examine some sections to sec what paits contain the gieen 
grams, then treat others wuth alcohol and test with iodine Notice 
r ' ’ occur only in cells winch contain cliloiophyll Tear 

< ' ^ j)cr and lowei e^ndcrmis-layers, and notice that only 

the guard cells ot the btoniales contain starch The Htarcli giams aie 
veiv small and are foiined inside the ’ " ; ’ 

A good metlicjd is to immerse at i m a 

strong solution ot cliloial hydrate, m i ystals 

of tins siil)stanGe ni a little watei, in a wmtch-ghiss, and add a tew 
dio])s oi iodine solution The leat boon bocoiiiea transiiaicut ancl the 
stai cli'gtains slamocl by the iodine 

119. The Store of Carbon Dioxide in the Atmosphere , 

— Enoinioub qiiautities of caihou diovule are ah&oibed by 
gieeu leaves from tlie an, althouoU the Littei usually con- 
tamb not moi e than 0 03 to 0 04 per cent of this gas A 
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-ge Simflowei leaf may ab&oib, dming a single honi’s es- 
guie to simliglit, the Ccaibou clio\n.le coutaiiieLl m inanj 
bic feet of aiv, making about 2 gi amines of staich pei hour 
c squaie yaid of sniface 


^hoiit half of the rliy weight of a xhant consists of cat bon, and the 4 
es ot cat 1)011 clio\ide contained in 10,000 litres ot an contain only 
[;aiiniies ot cat bon A tiee liamig a dty weight ot o,000 kilogiams 
theietoie (to obtain its 2^ million giamnies ot caibon) deprive 
iiiillioii cubic meties ot an ot then caibon dioxide But the 
lOSpheie contains an astounding amount of caibon dioxide, which 
laced at the disposal ot plants owing to its uinfoim distribution by 
as ion 

lie actual supply of caibon dioxide in tlio an is estuiiaied at 3,000 
on kilogianib, containing 800 billion kilogiams (about Sl)0 million 
,}of caibon, which -noiild he siifhcient foi the eai thS vegetation foi 
lalyeais, even if the supply weie not being continiialU lenevedby 
lespnaLion and decomposi Lion * pi uce&bes ot binning, 

biiice an adult bieathe'i out 400 lities of caibon 

ide, the 1400 millions r" ’ ' ' ndd give to the an 

lalb' about 100 billion ■ he amount of coal 

it annucally has been ■ . ■ (400,000,000,000) 

riams, yielding to the au ovei 300 billion kilogiams of caibon 
contains about 80 pei cent caibon) Even laiger amounts of 
^n dioxide aie doubtless produced by the BaoLeria ot the soil 


20, How Carhon Dioxide enters the Deaf. — In a 

''eed 01 a siibmeiged fioweimg-plaut Ccaihoii dioxide is 
ibed, aud oxygen given out, by diffusion through the 
Le biuface of the plaut In the case oi an oidiuaiy plant 
stoniate-beaiuio gieen oigaus, the gaseous exchanges^ 
een the atinosplieie aud the plaiii’s tissues take place 
Ligh the stoniates alinobt exchibively Tlie stomate- 
Liig leaf IS a much more efficient organ of gaseous 
Tiige than it would appeal at fii st sight 
le actual opening of a stomate is only about 0 0002 sc[ mm 
I all enough to hiiidei the eiitiance of dust oi watei The 
ates aie veiy immeious , a Simfiowei leaf, foi example, 
,I)oufc 12 millioub A bcpiaie millimetie of Bioad Bean 
t gave, ab the a^elago of seveiiil counts, 90 stomates on 

lese exchanges aie (1) eutiance of caibon dioxide and escape of 
1 , (2) eiitiance ot oxjgen and escape ot carbon dioxide, (3) escape 
icr vapoui, in the piocebSos ot Caibon assimilation, Respnalvou, 
laiispuation lespectivcl^ 
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the epideimis aud 140 on the lowi , a laige leaflet, with 
aiea about 20 sq cins , theiefoie ha^ neail}" half a million 
stoinates Still, the total aiea of the an -openings is onlj^ 
about 0 01 of the total leaf -aiea 

It has, howevei, been found that the late of diffusion of 
gase^ tlii’ough a plate with small openings is much gieatei 
than thi'ough a single opening of the same total aiea, and 
that when the small openings aie placed about ten times then 
diametei apait the late of diffusion is as lapid as Avhen no 
paitition IS piesent These lequiiements aie met by the size 
and the distiibiition ot the stomates on a leaf, and a given 
aiea of a leaf has been found by expeiimeiit to ab&oib two- 
thiids the amount of caibon dioxide taken up in equal time 
by aiea of potash solution exposed to the an 

121 Carbon Assimilation ; Photosynthesis. — In the 

gieen leaf exposed to light and an a somewhat complicated 
senes of piocesse& goes on, leading ii'iually (but with some 
exceptions) to the appeal ance of sta)cli at one stage What 
we have leaint fiom oiii expeiiments on plants, togetliei with 
oiu knowledge of the composition of watei aud of caibon 
dioxide, would seem to suggest that a piocess of si/nthesis 
occuis in the gieen paits oi plants One method of pioving 
the composition ot watei ib to produce it by synthesis — 
le by bunging togetliei hydiogen and 0x3 gen gases and 
malting them unite to toini watei Many complex substances, 
eg sugaife, can be pioduced by synthesis 

When staich is heated, caibon dioxide and watei aie given 
off This suggests that possibly caibon dioxide and water 
aie bi ought togethei, in the gieen leaf in simhght, to foim 
staich Tins is not exactly what happens, but the fact that 
a plant can, when supplied with watei and caibon dioxide, 
make staich (containing caibon, liydiogen, and oxygen) 
suggests that watei must be concerned m the piocess The 
f 01 illation of staich in a plant exposed to hght is cleaily seen 
in a simple watei -plant like Spnogyia (Ait 98 ) , this plant, 
placed ill watei coiitannng a few simple salts (Ait 143 ) and 
caibon dioxide, pioduces staich vutluii a few minutes aftei 
exposure to hght aftei having been kept 111 daikness 

It lb theiefoie obvious that in some way carbon dioxide 
and watei aie bioken up and then elements reaiianged so 
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as to produce carboLycIiates, oxygen being given oE in volume 
equal to that of tlie caibon dioxide absoibed 

Is it possible, by any aitificial method, to cause the atoms 
of caibou, hydiogen, and oxygen in caibon dioxide (COo) 
and watei (H.O) to aiiange tlieinselves so as to form an 
01 game substance ^ To break up carbon dioxide into caibon 
monoxide (00) and oxygen lequnes gieat heat How can 
watei be broken up (anal 3 ’’sed) into its elements ^ It is clear 
that a laige amount of eueigy is lequired to effect these two 
processes of decomposition But caibonic acid (caibon 
dioxide dissolved in water) can be decomposed by a com- 
paiatively weak electiic cmient (“ silent discbaige ”) 

Heie we come to an mteiestmg point — ^tlie chief product 
of this electiic action is foimaldehyde (CH^O), a substance 
winch in wateiy solution (“foiniahn”) is used foi pie&eiviug 
and disinfecting How, by vaiious simple methods (c y boil- 
ing with lime), f 01 maldehjxle can be conveited into a sugar, 
its molecules being condensed oi packed togethei to foim tlie 
laige sugai -molecules (CjHj^OJ — ^this pioceas is soinetnnes 
called polymeiisation 

In gieeu plants, sugar — usually, howevei, cane-sugar 
(CiHo.OiJ — IS foinied in the gieeu leaf-cells, though staioli 
is the first visible piodiict, the sta.ich appeals as giains 
inside the chloioplasts, while the sugai is dissolved in the 
cell-sap Piobably pait of the sugai pioduced is conveited 
into staicli because the excess of sugai dissolved in the cell- 
sap would cause injury to the living substance (piotoplasin) , 
tlie staicb, piactically insoluble in watei, is evidently a 
teiiipoiaiy stoiage substance, which is latei lemoved after 
being conveited back into sugai 

Poimaldeliyde is a poisonous substauce, its solution 
(“foimalm”) being used as a geim-killer Yet it occuis 
m small quantities m leaves, and a gieen plant like Spnogyia 
can make staich when placed in water containing no caibon 
dioxide but containing a substance which leadilj^ breaks up 
and yields toiinaldeliycle 

It IS now known that (1) the amount of foimaldehyde 
pioduced m assimilating leaves vanes m exactly the same 
way, accoidmg to the intensity of illummation, as (2) ilie 
amount of caibon dioxide used and (3) the amount of staich 
foimed, being gieatest m diffuse light, least m intense light 
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or m darloiess Puitliei, it appeals that ( 4 ) the stien^th of 
the elect iLC cuiieiits in gieeu organs also vanes accoi cling to 
the hght-intensity The optimum, m all foni cases, is about 
one-fouith of diiect sunlight 

It has theiefoie been suggested that the hght leceived by 
the gieen tissue is tiansfoimed into electiic eneigy and that 
this eneigj causes the pioduction of foimaldehyde fiom 
caibon dioMcle and watei 

The teim photosynthesis is often applied to what we 
have so fai called “ starch-making,” because it includes a 
bmlchng-up of simple inoigamc suhstance^ into complex 
01 game substances The teim photolysis has also been 
used, because the eailiei 'stages involve a hieaking-dowm of 
caibon dioxide and watei The simplei teini carbon- 
assimilation is perhaps hettei than either 

The teim photosynthetic carbon-assimilation is used 
to chstmguisli the noimal pioce&s m green plants fiom the 
chemo synthetic carbon-assimilation earned on by ceitam 
Bacteiia (nitio-bactena) which use caibon dioxide but do 
not obtain eneigjfiom light A gieen plant can glow and 
make staich when depiived of caibon dioxide, hut supplied 
with sugai 01 witli glyceiine Light is not lequiied for this 
form of assimilation 

122. Why IS Light required for Photosynthesis? — 

Since eneigy is lequned foi the can ving on of photosjuitliesis 
and light is essential foi this piocess, it follows that light is 
necessaiy because it is the soiuce of eneigy It is nnpoitant, 
theiefoie, to study some of the piopeities of light 

In hooks on PhysiCb, study caiehdly the following topics the cause 
of hght , photometi3Mncl the law of inveiso squaies m light intensity , 
the composition of white light, lefi action, the eoiitinuous s])ectiuni, 
the phj^sical and chemical piopeities of tlie less leftangible lajs (led) 
and the moie ref tangible rays 


123. Effect of Light-Intensity on Photosynthesis- — 

It IS easy to show that the late at which a gieeii leaf makes 
staich vanes accoi ding to the inteiibity of the light In weak 
light no staich is foimed, and tins is also the case when the 
hght IS too intense, hut between the two evtiemes the amount 
pf staichfoimed conesponds loughly with the hght-intensity. 
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The optimum inteubity is usually that of biight diffuse 
daylight 

It mubt, howevei, he lemeinheiecl that the leaves aie uevei 
all equally illuimnated, and even when a plant with close 
foliage IS exposed to biight sunlight, the aveiage intensity of 
the light leceived by the leaves as a whole may not be gieatei 
than that of blight diffuse dayhght Hence the plant can 
a-ffoid to iisk slight injuiy to the moie exposed leaves, in 
oidei that the lest inav be able to assimilate moie activety 
Similaily, plants with thick fleshy leaves oi gieen stems pie- 
fei blight sunhght because otlieiwise the innei assimilating 
layeis only leceive veiy weak light 

The intensity of the light is aLo affected by the angle at 
which the sun’s lays stiike the eaitli, being gieatest when 
the sun is oveihead and leas-t when it is on the hoiizon 
This e^ect is, of coiuse, due to the absoiption of the hght- 
lays by the eaith’s atinospheie Owing to the longer days 
duimg the smmnei of tempeiate legions, howevei, plants 
actually leceive moie light pei summer day than they do in 
the twelve hoius’ day of the tiopics 

Even in shade-lovmg plants photosynthesis stops when 
the light-intensity is i educed to 001 that of sunlight , in 
sun-loving plants the minimum is i cached long befoie this 

[a] C0V61 Imlf of a leaf with tliin papei, oi ti piece of giound glass, 
and expose it to light, test foi staich and note lesult Compaie the 
coloiu, aftei testing vith iodine, uitli that ot an mico\eied leaf on the 
same plant 

{})) Place 'lOine healthy cut blanches ot Elodea 01 otliei watei -plant 
imdei w.itei, and select one winch gnes a good stieani ot oxygen- 
bubbles (fan Ij rapid and constant) from its cut end Count the time 
reciuued foi, say, 10 bulibles to be gi\en off, and lepeat the counting 
se\eial times till you get a fan constant le^ult Then iemo\e the 
jai into the shade, 01 cover it with a sheet of tlim vhite xiapei to 
■weaken the light, and take times as befoie, noting the change in the 
late of bubbling 

(c.) Covei the ]ai containing the watei -plant with a black cloth except 
at one side, and tlnoiv light on the plant by xhacing an incandescent 
gas lamp, acetylene lamp, oi electric lamp at dilteiont distances from 
It, noting the distances and the rates ot bublding Bung the lamp 
into sufh a position that bubbles begin to comeod, and count the late , 
when it becomes fan ly constant, bung the lamp to half this distance 
fiom the plant and count again Pait ot tlie eltect, howevei, is due to 
the heat given out by the lamp, a flat-isided bottle, 01 otliei vessel, 
containing watei (kept cold by constanl lenewal) should be used as a 
scieen to absoib the heat 
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124 AmoTint of Light received and absorbed by the 
Leaf. — A leaf leceives only a small piopoifcion of the light 
which falls on it, even when expotsecl to full suutjhine, the 
gieatei pait being lo'^.t by leflectiou and ab&oiption A 
smooth and shiny cuticle leflects the hght, while much of it 
IS absoibed by a thick cuticle oi a dense coveiing of haiis 
In eithei case the lesult is the same , the gieen tissue (nieso- 
plijll) of the leaf in most cases actually leceives only about 
uue-tenth of the lucideut light 

Howevei, in moist leaves the epideiniis absoibs but little of 
the available U e umellected) light, and, on the othei hand, 
most of tins light ib used by the gieeu tissue Thin leaves 
tiansinit a good deal of the light, but such leaves usually 
belong to plants which giow in shaded places, so that in any 
case the ahsoiption of the light leceived is piactically com- 
plete in most plants 

Only a small piopoition — piohably less than 5 pei cent — 
of the hght leceived by the green mesophyll cells is actually 
used in photosynthesis , the lemaindei is conveited into heat 
and causes vapoiisatiou of the watei in the cliloioplasts 

(fd ' " ’s “expofeLiie meter should be used to compare 

the ^ n open and shaded places, etc This instrument, 

som ‘ ' ■ are veiy cheap, consists essentially of a strip of 

sensitised papei and tor exposing a small piece ot the 

papei at a time, the ^ ^ le in seconds being noted 

(/>) Expose pieces ot thesensifciie stiip to the liglitfoi 1, 2, 3, 4, and 
5 seconds suctessnely, aiiout noon on a, biiglit day, and note the dif 
feiencea in tint in the five pieces Aftei o\posuie‘'put the light-piinta 
uito a hglit-tiglit box, which should only be opened in iiiby light (oi 
gaslight it ‘gaslight paper ’ is used) 

(c) StLip a piece ot epideimis tiom a leaf, place it ovei the opening 
111 the metei, and expose to sunlight 
Take an expo'iuie, foi the same length of time, with the same leaf oi 
a similai one, ovei the sensitive papet 
Take a piint by exposing the papei itself to tlio light 
On compaiing the three punts we get a rough idea of the amounts 
ot light shut off by the epideiinis, absoibed by the mesoplijdl, and 
tiansmitted tiuough the leat 

111 the Sunflou ei the epideimis allows louglily 0 I of the incident 
light to pass , the papei coveied by a ot epideimis needs to be 

exposed neaily ten times as long as the uncovci ed paper to give the 
same tint The wfiiole leaf allows iciy little light to pa^s, only about 
0 00) , papei cuveied by a leaf takes tliiee minutes or moie to ac([mie 
the tint pioduced by full light in one second Tlie mesophyll, tlieie- 
foiG gets 0 095 of the light ■winch falls ou the leaf. 
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(cZ) Make and comi^aie “ epideimis iDunta ” and ‘‘ leat-piints” of the 
lea^es of plants glow ing naUiially in open and in shaded places, plants 
with slimy cuticle {e rj Holl^", Cheu^^ Lain el), leaves with liaiij'' 
co\eimg, etc , at the same time making uidinai}/ ‘light punts” as a 
standaid foi compaiitoon 

125. Winch Light Rays are concerned in Photo- 
synthesis — It IS fcinly easy to test this Ly comparing the 
effects of exposing plants to light of diffeient colotus — le 
allowing only ceitain lays to fall upon the leaves It is found 
that the ia}s at the led end of the spectiimi aie moie active 
than any of theiest in pioinoting jjhotosynthesis, and that 
foi most plants theciuve obtained when the lesuhs of expeii- 
ments aie plotted on squaied papei shows two “humps ” oi 
maxima, a Ingliei one in the oiange and a low^ei m the blue, 
with the lowest mtei mediate pait (niimmum) m the gieen 

(a) A loiigh comp.xi I'^on uhi} he made setting a plant, oi a leaf 
wuth its stalk dipping into a bottle oi wmIli, in a bo\, one ot who^iC 
sides is replaced by a sheet of t ed glass, anothei in a bo\ w ith a ‘^ide of 
f// glass, anothei with glass Aftei sexeial boms’ exposuie to 
light, test each loi staieli wath iodine holiition Howe\ei, coloiued 
glass is baldly evei piue, in the sense of allowing onl}" lays ot one 
coloiii to pass thioiigh it This can easily be seen by testing colouied 
glass with a spectroscope (an excellent cluect vision spectioscope can be 
had foi 25s ), or wnth a lantern and piisni 

* [h) A better method is to use a pan of double walled bell-jais, the 
space betw'een the tw'O w^alls being tilled with a coloured solution One 
should be filled wuth wateiy solution ot potasisiiim dichi ornate, the 
Other wnth water} solution ot coppei sulphate, to wfiiicli ammonia has 
been added The fiist solution allow^s led and oiange lays to pass 
thiough, the second one blue and violet ia}'s In this way we can at 
least divide the spectium into a led-end half and a blue end half Set 
each bell-jai on a folded cloth, oi m a saucei ot diy sawdust, so as to 
shut out any white light, place undei each a plant m a pot oi a seed- 
ling that has been dug out and had its lOOt set in a buttle of water 
yet both bell-jais m diliiised light , in diiect sunlight the tcmpeiatiues 
111 the tw^o w ould not be the same (wfiiy ’) The plant in the i ecl-oiange 
light will he found aftei exposiue to light (let the expeinnent last ioi 
twm days) to have furmed abundant staich, that in the blue violet light 
will be almost free fiom starch 

(c) Watch the bubbles of oxygen arising fiom a submeiged wsatci- 
plant, and time the late of bublfiing Wlicn this is taiily legulai, 
cover wuth the blue bcll-jai, and notice tliat the bubbling becomes 
slower aftei a short time Atlei nboiit hve minutes (take sevcial 
leadings dining this time) take ufl the blue jai and put on the led- 
oiange one, taking lecoids of tlie latc of bubbling as betoie, noting tho 
mciease in red oiange as compaicd with blue violet light 
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126 , Chlorophyll. — Since only the gieen paits of plants 
can cany on photob^uthesis and the gieen coloiu of these 
paits IS clue to chloiop>hyll, it is necessaiy to stiuly the 
pi Opel ties of this substance 

Chloiojihyll Is a coloiu mg substance, oi pigment, of a 
complex natiue, its composition is not yet fully known 
It contains magnesium and pliosplioi us in addition to caibon, 
hydiogen, ox3^geu, and nitiogen It is piobably a mixtiue 
of seveial pigments 

In natnie, cbloiophyil is leadily decomposed b}^ blight 
hght, and it piobahl}'- iindeigoes continiions changes, being 
built up as lapidh, m oidman conditions, as it "is decom- 
posed It IS a fluid 01 seiiii-fluid substance, pioduced m, 
and held by, the special masses of piotoplasm called cliloio- 
plasts The chloioph}!! piesent in a chloiopList only foiiiis 
about 0 1 pei cent of the lattei’s substance 

Cbloiophyil can be exti acted by means of alcohol, ethei, 
chloiotoim, etc A solution of cbloiophyil is fluoiesceiit — it is 
gieen b}'- tiausmitted light, daik led by leflected light When 
the solution is held against the light and examined with a 
specti oscope, oi placed m the path of a beam of light, which 
IS then passed thiough a pi ism, the specti um shows daik 
hands, in the led, blue, and -iiolet legious especially , the band 
m the led is veiy maikecl, appealing even il a weak solution 
IS used These Jaik bands (also seen on e-\aininmg a thm 
gieen leaf with a specti oscope) aie of coiuse due to the 
ahsoi jjtwn by the cbloiophyil of these lays of light, the othei 
lays being allowed to pass thiough the leaf 

^ {a) E\ti act chloiopliyll f I om gieen leaves {e r/ Bean, Glass, almost 
any leaves vill do, but leathei} ones should be cliopped up) by lioiling 
tliem 111 watei, diaining oil the vatei, and co\eniig the leaves with 
alcohol Then place the dish containing the lea^ 0*^ ,iik 1 alcohol in the 
daik, hght destioys the colouiiLig inattei in the solution Eiltci tlio 
solution, and place it m a eoiked iioLtle 

^ (b) Notice the eoloui of the iiltoied extiact by holding the bottle up 
to the light, and bj holding it against a black siiiface , it is gtcen b}’’ 
tiansmitted light, led by i ellectecl hght Obtain a t ontinuous specti nni 
on a scieen b^ tasteinng on the lens ot an ujitical laiitein a caul v ith a 
^eltlGal slit, and liolding a piisni in blie patli ot the liglit TFuld a test- 
tube ot alcoholic chloioplull solution against the slit, and notice tliat 
the colouis in se\eial paits ot the specti iiin aieiepLicod ly daik bands 
The most prominent daik lund appeals ui tlie iccl pait, hut it (ho solu- 
tion IS sbioiig bands will also bo seen iii othci legions ot the spcctiuni 
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Ti 3^ the e&ect of intei posing pieces of gUss of -saiioug coloius, oi 
hottles containing solutions ot iliclii ornate ot potasli and of coppei sul- 
phate 111 each case ceitain lajs ot liglit aie stojiped, that is, ab'^oihed, 
and the platC'^ of Utue ;«//* i}i'thc sptUnun cue otuipied by clcnL bauch, 
that IS, by daikiiess 

We see now that chloioph}!! absoilis ceitaiii light lays, alloiving 
the lest to pass tbiuugh it, and we may conclude that these a bsoi bed 
laj^s m some waj^ suiiply the eneigy \ihich is needed in canning 
on the woik of photos^ ntliesis A direct-vision spectioscope will 
sliov the absoiption bands, especially that in tlie red pait of the 
spectrum A \eiy useful additional piece of appaiatus is a v edge- 
shaped buttle indigo piibm”j by means of winch one can examine 
ditieient thicknesses ot the solutiun 

(c) It vill be noticed that the extieme end of the led legion (that 
neaiest the invisilile nifia-ied) is not absoibed by the chloiophyll 
solution If you liold up to the liglit a thick layei of btiong leaf- 
extiact (using the thick end of an '‘indigo pi ism’’ oi a flat-sided glass 
vessel) 3 oil will find it appeals led instead ot gicen 

{d) Place some leal cxLiact in a te‘,t tube, dilute vitb a few diops of 
watei then add benzol, shake, and alloiv to settle The ben/ol, vhich 
floats above tlie alcoliol, dissolves out a bluish-giecn colouiing iiiattci, 
leaving a yellow substance dissolved in the alcoliol Tliese two png- 
ment's piesent in the e\t-iact can also be sepaiated by using ethei or 
olive oil instead ot benzol Find out, by ut>nig the spiectioscope, oi 
lanteui and piism, winch light-ia^s each (jt tliese substance^ alisoibs 

* (e) Fill tliiee teat tubes wuth leaf-extiact, coik them, and place A m 
sunlight, B in dilfused light, C in darkness Caielully boil some extiact 
in a fourth test tube (D), ancl place it witli A in sunlight Notice, aftei a 
day’s expiosiiic, that A becomes Inovvm, C is imehaiigecl, while B ancl D 
aie only sliglit:l 37 - changed, the absence ot oxj'gen ni D liiiideis the 
desti active etlect ut light 

[J) Add some 10 pei cent solution of coppei sulpiliate to some leaf- 
extiiict 111 tvvTj test tidies , a coppci compuund la pi ocl need which is not 
led hy lellected light, ancl w Inch is not destioyed bj^ light Vent} the 
lattei point hy placing one tiilie in sunlight, the othei in daikness, in 
each case with a tube of oicliiiai^ Icaf-cxtiact foi compaiison 


127. Under what conditions is Chloroj)hyll pro- 
duced? — We have seen that seedlings giown m daikness 
dilfei fioui those giown in the light in sex^eial le&pects In 
most Floweiing Plants cliloioplivll is not foinned in daik- 
ness 5 the cliloioplasts aie piesent in the cells of the stem and 
leaves of daikened seedliiigb (or of the slioots pioduced, say, 
by a potato-tuhei kept m daikness), but in the stems the 
cliloioplastb lemaiii colouiless, while in the leaves they be- 
come yellow Hence the stems lemam white ancl the leaves 



94 


PHOTOSYNTHESIS AND RESPIBATIOK 


tiiiH } ellow The yellow culuui of the leaves is due to the 2^1 e- 
beuce of a pi^meut called etiolin, developed 111 the chloiojilasts 
instead ot cliloiophjll and the jplant it, said to be etiolated 
It 1:3 easy to piove that ohloiophyU is toiiued m light too 
weak to all^ ' ; ^ It is pioduced in shaded 

places vith ' ^ than 0 001 that of full sun- 
light, thoin ^ ! plants can tlirive in such 

feeble hght, c ^ in veiy dentse Beech woods 
What othei conditions, if any, aie essential (in addition 
to hghtj foi the foimation of cliloiojihyll ^ It is easy to 
discovei by expeiiment whethei warmth, oxygen, and caihon 
choxide, foi mstance, aie lequned The piesence of it on is 
essential, but it is not bO easy to piove this , sometimes one 
comes upon a case in which the leaveb aie jiale and sickly 
[tlilotohc) owing to lack ot non, and can cause the pioduction 
of chloioph}U by adding non to the food (e t/ in 

watei-cultiues, Ait 143) 01 by ajiplying a weak solution of 
an non salt to the leaves with a camel-hair biush 

* [a) Gio'w seedlings, e g Ciess 01 Mustard, in daikness, then place 
some ot tlieiii m a good light, close to a wmdov , and note tlie time 
reqiined toi the pioduction of a di&tmcb green coloiii Place the otheis 
in a daik pait ot the luoni, and when tlic} ha’i e become gieen test the 
lea\e') toi -.taicli Tiiese obsenations will show that (fi) a gieen tinge, 
due to toiniatioii of ciiloioph} U, may be developed in an lioui, oi less, 
m good liglit , {^/) light too ^veak ioi jiliotos} 11 thesis is stiong enough 
foi the pioduction ot chloiopliyll 

{h) bou in the same pot 01 bo\ some seeds of Pine and of Bean oi 
Pea, keeping them m daikness, and compaie the coloui of the Pine- 
seedlings vith that of the othei & 

(c) Place some etiolated seedlings (Ciess, l\Iiistaid, Bean, etc ) in a 
bottle 01 ‘■.mall glass jai, coiei with a glass plate, and set it in a laigei 
jai halt tilled with watei Keep the watei at 30 ° C In a similar 
appaiatus keep some of the seedlings in cool watei, 01 watei kept at 
1 U"’C , b} adding bits ot ice tioni time to time Compaie the depth of 
the gieen coloiii developed in the two sets ot seedlings altei an hoiu 01 
two ot e\posuie to light 

+= {( 1 ) To show ^ ^ y for the tormation of chlorophyll, 

fill a test-tube n water, and pass under its rim 

some etiolated Mustard seedlings Though exposed to light, the seed 
lings do not become gieen, owing to lack of ow'geii Anothei method 
is to place iiea\ lei seedlings— e g Bean, Pea— in a glass ]ai and co\ er 
it with vatei In each case similai etiolated seedlings should be 
placed on wet blottmg-papei at the bottom ot a 3 ai, whose mouth must 
of eoiuse be left ojien 
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128. Etiolation. — The eftectb of daikness on a gieen plauL 
in piodnciuo staivation and lot>s of diy weight Jiave aheady 
been studied (Ait 65) Apait tioni these ettects and the 
non-pioduction of cliloiopliyll, \aiioiis changes of foiin and 
stiuctme aie pioduced by dailrnehs 

The stem-mtei nodes and the leaf-stalks (if the plant has 
stalked leaves) aie imufe>ually long, giving the plant a 
“diawn” appeal anee In tins way theie ib a chance of 
shoots leacliiug the light, as, eg , m seedlings sniotlieied by 
othei plants In etiolated plants, also, the leaves lemaiu 
small and scaly, theie is a gieat development of soft tissue 
and a meagie foimatioii of haid woody tissue Laige leaves 
would be useless m daikness , we might say, theieloie, that 
the plant devotes all its eueigy to the foiniation of long 
“inteinodeb ” whicli ma}" be of use to it Many e\amples of 
etiolated plantb will leadily occui to the mind of the student 
— eg celeiy (leaf-btalkb), glass coveied by a i oiler oi a 
boaid 

A gieen plant must of couise have a leseiv'-e stoie of food 
to diaw upon in oidei to giow in daikness at all 

* Glow in daikness (in each case with plants of the same kind glo^vll 
in light £oi compaiison) \aiioiis plants A\hich ha\e a good stoic of food 
m then seeds 01 in such stouige-oigans as bulbs, coims, tubcih Sow 
seeds of Bioad Bean, etc , plant Potato- tubeis, coims of Ciocus, bulbs 
of Omon, Tulip, Naicifasua, etc Also conipaie the giow bh m daikness 
and in light of plants which noimally have a tufted oi losette habit 
{eg Ciassula, London Pude, Daisy) and nolo that in daikness the 
intei nodes in most cases become elongated 


129. The Main Function of the Leaf is to act as a 

lahoiatoiy foi the maniifactme of oiganic food fiom the 
cai bon dioxide of the an and fiom the watei absoibed by 
the loots To cany out this piocess eneigy is necessaiy, 
and this eneigy is supplied by the hglit whidi the gieen 
chloiopla&tids absoib Duimg the piocess moie complex 
substances such as sugai aie foimed, and a couebpouchng 
auiOLint of energy is stoied up in this inaiinei At tlie 
same tune a volume of oxvgen gas is libeiated, equivalent 
to the amouut of caibon dioxide absinnlated Hence gieen 
jilants exposed to suiihglit tend to pinify the an lendeied 
foul by the bieathmg of animals 
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Wlien a plant is buiut, oxygen is consumed and caibon 
dioxide and watei piodiiced, “wliile tbe stoied energy is 
libeiated again in the foim of heat Thib eneigy was 
stoied up in latent foim dm mg the asbimilatiou of caibon 
dioxide, and it leally lepiesents that poition of the sunlight 
absoibed by the plant, which was utilised in the piocess, 
and T\hich piovided the eneigy necessaiy to pioduce a 
chemical change of this land Goal consists of the lemains 
of plants of past ages, and hence, when a piece of coal bums, 
the heat and light which aie libeiated simply lepiesent so 
much simlight which has lam doimant foi inilhons of yeais. 

130 What becomes of the Starch formed in the 
Foliage-Leaves ?— Is it absoibed by the plant, like the 
staich stoied m the cotyledons of the Bean If so, we ought 
to find less staicli in the leaves in the morning than in the 
evenmg, since the leaf cannot make moie staich until it is 
again exposed to light 

* («) Remo\e some leaves fioin a plant in the eail 3 " evening (an houi or 
two betuie siinseij and place them in alcohol Ilaib next moi rung leniovo 
some moie lea^e3 from the plant, and also cut out difieiently bhaped 
pieces from some of the leaves and place them in alcohol o\eimcrIit, 
then compaie then staich test iviLli that given bv the lest of thc^leaf 
the next moining The staich foirned m the leaf chuing tlie day is 
found to liave disappeared, moie oi less completely in daikiiebS 

* {h) Would the staich luxe disappeared had the leaves nob been Lett 
on the plant ? Repeat the expeiimenl, liiit cut some o± the leaves o&, 
set them in a tuniblei with tlieii stalks undei water , cut pieces out, 
test them loi staich, then test the lest of each leat in the nioining 

131, How does Starch disappear in Darkness? — We 

saw thcxt the staich stoied m the Bean cotyledons is on gei- 
mmatiou couveited by the actiou of a feiment (diastase) mlo 
sugtn, which is soluble m watei and tlierefoie able to travel 
by ditfusion to the gi owing paits of tlie young plant and 
supply them with food "We have seen that the leaf when 
exposed to light pioduces staich, winch disappeais dining the 
night, and if we cut out small pieces fiom the same leaf evei v 
day and tested them, we should find that the alternate pio- 
auction and disappeaiaiice of staich go on day aftei day By 
cutting out pieces of leaf of a ceitain aiea, diymg them and 
weigluug, we should find that the diy weight of the leaf m 
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incieaserl at the end of a sunny day, that it decreases after 
some houis of e\posuie to daikness, increasing again on 
exposuie to light These facts suggest that the starch formed 
in light IS digested and earned awaj'’ during daikuebS, and we 
find that the leaf. cells pioduce chadasQ just as do the cells of 
the cotyledoiib in the Bean seedling 

Keexi a plant in claiknoss toi two days, then expose it to sunlight for 
sevei il hoius Rcmmc some lea\LS, cli^ them ni a slow o\ en (oi on a 
sand bath), thon poMclei them and lot them soak in cold watei for 
ahniit halt an hoiii Riltoi the oxtiacl Llius obtained, and tiy its cHect 
on staiLli-pasto, testing wiili iodine, and latei with Fehhng\ solution 
An extract of loa\es of Tiopicoliiiu or of Rioad Beau, made in tins 
nay, qiiicklj'’ oonieits starch into sugai , try those and otlioi plants. 


132. Respiration. — Eray living Being, plant oi animal, 
needs a continual supply of eiieigy, without which, Lor 
example, neithei giowth iioi active movement is pob&ible 
Like animals, all plants lospiie — that is, tliey ahsoiL 
oxygen and exhale caibon dioxide — lo-^ing caibon during the 
piocess Geimmatmg seeds and fuiigi lespiie as actively as 
do waiiu-blooded animals The process ot respuatioii is one 
of blow combustLon, and, although the caibon is oxidised at 
a compaiatively low tempeiatine, enough heat is paroduced 
to keep an animal wai in, oi to laise the tempeiature of a 
plant bj'- a few degiees Plants liavc, hovevei, so huge a 
suiface lelatuelv to then bulk that they lose heat veiy 
rapidly, and aie usuall}^ at almost the same teiupeiatuie as 
that oi the suiioimding medium 

When a gieen plant le^spiies it simply consumes oigamc 
mateiial, which it itself had previuusly coiisti acted from 
simple compounds liy the aid of the eneig}" contained m sun-. 
light Thus starch is pioduced fiom watei and caibon 
dioxide, and a ceitain amount of eneigy fixed and oxvgen 
lilieiated Then, at a latei date, staicli may be consumed in 
lespiiation, oxygen being absoibed, caibon dioxide and water 
libeiated, and the ‘ fixect ” eneigy set fiee Grieenpilants are 
unable to make diiect use of the eneigv of sunlight they ab- 
soil), but, instead, adopt this appaientl}'" lonndabout method 
Its utility IS, howevei, suffieieutly obvious, foi if pfiauts weie 
dll ectly dependent upon the ladiaut eneigy ot the sun foi their 
supplies ot eneigy, they could only giow dining the daytime, 
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and even tlien tlie moie deeplv situated tissues would leceive 
very little energy as eorapaied with the outei tissues 

We saw that seedlings giown m dailmess lose m dry 
weu'ht (Art 65) In an expeiinient the diy weight of 
lOO'^ Wheat grams was found to be 4 giauimes, that of 
50 Peas 11 giamines In each case a batch of seeds, equal 
in number and practically equal in weight, was germinated 
in diiikness, and in tliiee weeks the diy weight o£ the 100 
Wheat seedlings was found to be 1 5 giammes, that of the 
60 Pea seedlings 6 giammes 

The intensity ot respiiation vanes gieatly in difteient 
species, in difteient plants of the same species, and in the 
same plant at diffeient stages of its life Oily plants and 
shade-loviiig plants losinie teehly , floweis and opening buds, 
as well as gernimatiiig seeds, lespiie mueli iiioie actively than 
fully-grown loots, leaves, etc 

Atalioiit 10'“ C the following jiliviits alisoib, i ‘'eu 

flesh weic^ht, the tollowiiig volume', ot ovygcn iii — 

Cacti, 3 "to '23, Stoner i op, 70, Spiiice I'hi, 44, Bioad Bean, 06, 
Wheat, neuily 31)0 

At ir>°C the \olaincs of caihon tlioMcle pioclncecl hy the tollowing, 
pel gicimme of tin weight, aic — IMimtaid sced'^ fiO c cs , Popp^ 
seeds 120 c cs , LiUc hurls 35 c cs , Lime lice hiuL, 70 c cs 

The spadix ot Ajn?n (Ciichoo pint) y.is loiiiul to ikc up dining its 
openiiKfTOO o of oxygen in tutnU -loiii lioiiis, the yulumes (in c c ) 
ii'.ed iirtiic fiist MX honis licnig 50, 70, lOO, 140, SO, 10 A giainme nt 
spadix substance ina^ give cniL as innch as 30 c cs ot caibon dioxide 
in an hoiu, and halt ot the sLourl siibstanco (staicli and sugai) may be 
used up in a lew houis 

The \olinnes of oxygen used up in tuenty-foui horns by the icpio- 
ductive paits of floweis (anUicis and jnshl), taking tlio \nlume ot 
these paits as unity, was found to be — 'WallilowTi , IS , Tio])aeoluni, 
IG , Cucumbet (male), H , Cncunibei (femak), 7 

The ohnnes ot oxygon used by the leave', (m daikness) wtic (volimio 
of leaf = 1) — WaUllowei, 4, Tiopaeoliiiii, tS , I'assionflowci, 5, 
Holly, 0 9 . ’ ' o ^ ' 1 -.Pj doubtleHs, laigely exidams wliy 

this plant I conditions indoois). 

133 . Respiratioii alfected by Temperature. — Eespna- 
lion IS not- attected iiiudi by hfflit, either by its piescnco oi 
absence, oi itt, intensity, but heat is of gioat iinpuitance 
The optiiiiimi tenipeiatuie foi icspuation is neaier to the 
inaxmium than is the case with othei vital piocesses In 
geiminaiino seeds, 10 to 20 tunes as inucli caibon dioxide is 
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pioJucecl neai the Diaximuin temperature (35° to 45° C ) as 
at 0°C 

In Bioad Bean seedlings the amounts of caibon dioxide pioduced at 
30°, 3o°, 40°, 45^ and 50° aie (in milligiams pei giainnie of fiesli 
weight) 550, 800, 060, OUO, and 200 In spioiibing Botato fciibeis t]ic 
anioiinta at 10°, 20°, 30°, 40°, 1-5°, 50°, 55°, and 60° aio 120, 220, 

400, 7S0, 1020, 1220, 1110, 1030, and 270 inilligianis pci giamino of 
liesli w'eigUt 


134, Respiration Experiments. — Most of the points 
inst iiieiilioiied can he demonstrated by simple expeiimoiith 
If lime allows, some quantitative expciimeiits should ho 



Fii^ ".7 —The Aiun\s >,liuu the I)iin.tion of tin. Cmitiifc of An, la ill n\u 

tlnoufjh ill ittiilimij in “A'^ini Urn ’ it the IilL ot tliL App luitii'. The t\\i» puLLs 
ot Hs tiihin^j tittLil uith 4top culIvS iiuL} be iliiiitii'iLd \Mth mil clip*, iHnl uii the 
iiibbei tubing (shuMii bl icU) 


made, e (j with the appaiatus shown in Pig 37 In any case 
make the following expeiiments — 

^ [a] Ciet nine glass jais ot equal oapacit}’- Into 1 pom a little watei 
Into 2 put some soaked peas, and into the otheia put an equal weiglit 
ot tlic tullowing iiesli niateiials 3, In mg loots (cut fioiu seedlings), 
4, mushioonis , 5, onions sliced in halt , 6, sliced caiiots , 7, pieces of 
Jieibaccous Icat}^ shoots , S, li\ing woody stems In 9 put sonic peas 
killed b} boiling and tlieii w'ashed with ioinialin (to pi event giow th of 
moulds and genus) Set all the jais togethci, aftei coiking tlicm and 
scaling the coiks with •saselino, m daikncss Aftei tw^entj ioiu lioiiis 
lowei a lighted tapei into eadi jai in tuin, noting the time icquued 
toi the extinction ot the taper in each case 
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* (b) Pv-cpcab ilio e^peiinicnt, tins time keeping the jais exposed to llio 
hglit on a luglit day, oi toi two da ^'3 

* (<) Kepeat the cxx^eunicnt, Imt instead of using the tapei poiu into 
each ]ai (at tlie end oi: the cxpeiiiiicnL) au equal volume ot bai^ la vaten , 
leidace tlie coik, shako tho jars well, and compaie the dogiee of inilki 
ness pioduced in each case Make the cxpemiicnt twice—ui daikiiess 
and in light 

[d] .Suspend tliico hcaUh;^ lain cl Icaies hy tlncads fiom tlicucll 
fitting coik ot a huge bottle cunlaining lime valci, and expose llicin to 
blight light Aftci bcieial lioiiis the lime watci is sldl cumpaiatn el} 
deal Co\ei the bottle uilli hhuk cloth, and in a Ilw lioniiM the linie- 
uatei y ill become cjuitu milky, oy ing to tlie i ’ » longer 

masked hy the lo assnnihiLioii ot the cailjoii 

(c) Place some gicen Icaics in a glass ju (]'’ig ^ 7 ), tlnongh y Indi a 
slow ciuient ol an is passed Tins an is depuiLrl ot its cailion dioNidi 
by tlie potash contained in the U-tiibe, so tli.it tin linu-y.iki <»i 
baiytay^alci in both bottles lemains clcai so long as tln‘ k.u ts me 
exposed to sunlight 01 veiy hnght daylight, wlicuas d the bell jm is 
coveiecl with a black cloth, tlie liquid in the lelt liand hottli soon 
becomes tiubicl and milky 

In 1kg 87, the plant used m coVLicd yilh a hdl‘]iu si inding on a 
glass jilatc, its iim lieiiig smcai’C'd y ith jihisticiin* mnl lasclnu to make 
the juncbioii an tight 

[f] Using tho same appaiatiis, ye can make longli q.aiaiititative 
oxpoimieiitH Tho amount ot cailion dio\nh‘ piodiu ed is del ei iinin d 
hyymighmg the left-hand buttle lictoio and .itui pidling in (In li.ii } ta- 
watei and again at tho (nul ot llie cvpt iimcnt Tin gain in wc igld oi 
the baiyta-walei lejnesmds tlie ycightol b.ii nnii ( m bon lic (Hit'Od 
pioduecd, and tioni the atoiiue ’ i, earhon, and oxygen 

we calculate the weights ot the . lioni that ds volume 

A simplei iihin, if the nottssaiy ajqim.itus and (lumiitals .lu ii\ ad 
able, IS to “ litiate” samples of (1) the haisda yiiUi ])Ut in tin bollh i 
hcfoicllie e\])ciinient liegins, and C2) the deal Imiyta yatei .iho\e tin 
piecipitatc at the end ol llu‘ exjiei imeid, using Kland.iid soliil.miis ol 
oxalie acid and ot pliciiolphtlialuni (see linoks on VoliimcLiu Anal\-^i-.) 


135. ConiiDarisoii of Photo syiitlie sis and Eiespiration, 

— These aie, to a coii.iiii exloiit, .nilcigoiiisi n* j)i oc*(‘sses, tlii' 
fii st luvolvino .1 ])iodntl,iou of dio.liiu' lu.iieiial, a (•niisiini])i nm 
of caihuii dioxide, and a lilieiaiioii oi oxygon , tho sen oinl, .i 
consumption oi oiganic nt.doiial, a Jilieialion oio.n hon dioxidiq 
and a coiisinnplion of oxyoon Pliolosyiii Iioms is Iwtuiiy oi 
Unity times inoio ndividlni.n HSjiii.il jon ui most IhmIiIiv gnuni 
oigaiis exposed lo hnght light and supplied willi siilln umi 
caihon dio-xule, so tlnit these p.uis do not iippiMi to u'spiK* 
dming the day-1 uno, oi at least do nut evolve iniy (.nhon 



PHOTOSYNTHESIS AND REsPIRzVTION 


101 


dioMile 111 cLiikiiesto, liowever, it can be sliown tluifc they 
lespiie only, as is the ca^e \ntli loois auil all otliei uot-gieeu 
paits, in both light ami claikiiess 


Plio fcosyiithesis. 

A feeding pioces^,, associated 
with building up of plant’s sub- 
stance 

Staich IS (usually) iuiinod 
Plant gains in diy weight 
Only occuis m light 

Onh’ oemus in giccn plants and 
in gieen paits ot plants 

Oaiboii dioxide passes in, oxy- 
gen passes out 


Kespiration 

A bieatlnng piocess, associated 
u ith hi caking dow a ot substance 

Caibon dio.xide foiniod 

Plant losGb 111 dl;^-^\ eiglit 

Uccius in daikness as well as 
m light 

Olcuis in all plants and all 
pai ts 

Oxygon passes in, caibon di- 
oxide passes out 


136 Tlie Balance of Nature ’’—Animals and iion-gicen plants 
aie all uUiiuaUh dependent uiioii gieen plants tot thou oiganic lood 
In oidci to obtain a sutiicient supply ot encigv, ’without uhiJi lite 
impossible, the gieatci pait ot tins tuod is coiisiiincd iii icspiiation, 
the caihun being ic oxidised into caibon clio\ide, which is ultimately 
again assimilated b^^ gieeii xilanis 

Theuliole seiics ot these intci changes lietwcen the selt suppoiting 
(Lhloiophyllous plants and animals) and the depcndoiit meinheis (noii- 
gi ecu plants ancl aiiiinals) of the oiganic noilcl foims what is known 
as the “Ikilance of Natiiic ” It moie oiganic food becomes a\a]lablc 
animals and non gicen ■jilaiits tend to iiimease, and hence piocluco 
Lugci f|iiaiitities ot cailinn dioxide, winch ta^0lus the dc^elopnlent ut 
gieoii plants O’he balaiieo maintained hctwceii the piocesscs of 
iLsjuiatioii (in all oigaiiisnis) and photosynthesis (in giccn oigaiiisms) 
keeps the amount ut caibuii dioxide in the an piactically the same 


QUESTIONS ON CirAPTER IV 

1 \Miab dillcionces exist lietwTCu the cot} lecloiis and the tuliage 
lta^csut the Pioail Pean ^ IIuw' may these ditleieiices he accounted 
loi ^ 

2 How^ could you piovc that a Icat has an spaces inside it eiiid an- 
puies on its siutdcc 

3 Desciibe the stiucbiuo of a typical toliage leaf 

I How'- could you pio\e that a gieen leat makes food wdien exposed 
to light ^ 

») Undci what conditions is btaicli toimed in the tolugc-leaves ot an 
oidmaiy land plant ^ Give expciimeiits in piuof oi each statement 
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6 WliaL lb a stuinate, and liow does it -woiU ’ Why do people often 
bjiiiige 01 sponge the leaveb of jildnts giown indoois oi beside a dusty 
load * 

7 To Mliat subbtauce do the giceii paitb ot plants owe then coloiu ’ 
State and G\plain the iiatiuo ot the woik wliicli only the gieeii paits of 
plants aie able to peifoim 

S E\plain how it ib that a gicen plant cannot caiij’’ on its luitiition 
in daiKness 

9 What constituent ot plant food is obtained fioin the atmosphcie’ 
What changes do plants atlect in it ' Desci ibc an e\peiiment to dcinoii- 
stiate tliib 

10 What IS meant by tho teiin PlioLub^ nthebis ’ AVhat is the fiisb 
v\t>ihlL (solid) lesiilt ot thib piocess, and lioi\ \\ oiild you detect it in a 
leaf ’ 

11 AVliat gascb ^vould ;)ou cKpect to find in the an ot a clobcd glass 
\esbel exposed to light betoic and attci leaving a gieen plant \\ ithin 
It’ State the lelativc quantity of the vaiioiib gases, and Iiow the 
piesencc of each can be detected ITow could you iiieasuie tho quantity 
ot each gas ’ 

12 Two leaves, while still attached to the plant, aie kept in the 
daik foi twenty-toiu liuuijH, then one it, exposed to sunlight toi some 
huiiib, while the otlici still leinains in the daik Jiy what altci-tieat 
ment w^ould you distmguibh Ijetwcen the two*-' Exiilaiii yoiii exact 
pioccdiiie and the leabumng on winch you base }uiu conclusioiib 

13 Explain as Inllj as 3^011 can lioAv it is tliat tlie giiaul cells ot a 
stoma aie enabled to altei the si/e ot the apeitiue between them 

]4 What is the inipoitance of caiboii to a plant’ Eioni a\ hat source 
does a gieeii plant get its caibun, and how is it assimilated ^ 

15 What do you considei the essential cluuactcis ot the toliage- 
leavcs of a gieeii plant— i e the cliaiacteis in winch all 01 iicail^Mill 
lea\ es you know agree ’ lEow' aic these featiiies ot leaves ot sci vice to 
the plant ^ 

10 On what law dries the intensity of light depend’ How duos 
light-iiiteiisitj allecL PhoLos 3 mLliesis ’ 

17 What lb meant Ref 1 action '' Whit is a prism, and how 

could 3011 ptoie by its use that wliite light coiisista of lays having 
ditlcLcnt eoloins * 

IS Desciibe the coiitimious .Spec tuna TTowms the appcaianco of 
the spectiiini allected by an e\luuL of ihloiophyll being placed 
betw^cen the piisni and the sciecn on w'hu h llio spectium is icceived’ 

10 What is the tuncLion ot (JhloiojiliylP Undei what coiiditiona is 
it foLincd, and liow^ does it occui iii the plant ’ 

20 Explain the teim Photosynthesis What gases w^ould you 
expect to find in the an of a closed glass cluLiiibei exposed to the sun 
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bctoie and atbei lea\iiig a gieen loLitiO ■wiUuiiil’ iState Uie i dative 
cmantiby of the vaiious gases, and ho^v the piestiico of each can loo 
detected Explain bncfly lioiv you ■would attempt to inoasuie the 
quantity ol each gas picsent m tlie iiiixtuie 

21 Bubbles ot gas aiiso ulien <i gieen watei plant in a bowl of 
oidmaiy tap-uatei placed m sunlight What is this gas, and how 
13 it pioduced ’ Give as lull an explanation as on can ot the cfleeb ot 
(ft) leplacing the tap watei hy pieMoiialy boiled watci , {h) iiitio- 
ducing lumps ot ice into the ouginal bowl of watei 

22 Whatpiocess is meant b} the teim Pholo'^yntlicsis’ Stale as 
bi lefly as possible the conditions iiecessaiy foi sucli a pi occ'^s Descnbe 
accuiately an expeiimenb you ha\o seen which dcmoii'ibiated that 
a plant wa^ eai lying on the juoccs'i 

23 Desciibe any expeumcnts winch thiow light on (rt) the passage 
of Iluids thiough meinhiaiies by osmosis, {h) the passage of gases by 
diffusion tluougli small openings What ha\e these expcinneiits to do 
uith plant life’ 

24 Desciibe as many e’^peiiments as possible shoeing the etlect of 
temperatuio on the ph} siolugical piocesses ot plants 

25 Sketch a coiiise of woik on a gieen leat toi an deiueutai}' dass 
uliich is not piovided with miuoscopes 

2G Dosciibo the minute stiuctuie ot a small hit of a gieen leaf 
Sho^v that it is speoiall}'' litted tui absoibing and libeiatiiig ccitaiii 
gases 

27 A seed {a f/ a Bean) is goimiiiated in a daik cupboaid Desctlbe 
the seedling plant developed iindei these ooiidibions, and point out 
m what icspects it difleis tiom a plant giou n in the light* 

28 How would you obtain, and piepai'c tui examination, living, 
iiiidei the nucioscope, the gieen cells of a toliage-leaf ^ Diawcaicfiilly, 
and descnbe in detail, the stiiictiiie ot bucli a cdl, naming the diffeient 
paits, and inciitioniiig, so fai as you can, then uses 

29 What conditions aic essential in oidcr that a gieen leaf ma-y 
fuim staich’ Give an account ot the cxpeiimental evidence on ■which 
yuiu answei is based. 

30 Explain as tull}^ as you can the leasons toi the lanky appeal- 
anoe exhibited b}" many plants when giowui m the shade of tiees 

31 To what substance do the gieen paits of plants owe tlieii coloiii , 
and w'liat is the use of tins substance to the plant ’ 

32 What IS meant by lespuation in plants ^ ^ ' nc£ll 

fcatuies in one ot the Inglioi plants -which aie the 

respiiatoiy piocesscs 

33 How would you identity the gases ot which the atinospheie is 
composed i Ho you kiiow^ how to deteimiiiL the piopoition by volnine 
111 Ayliich the tw^o piincipal gases exist i Winch ot the gases ot the 
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atino&plicie are used by plants Wliat difieientes in the conbUlutioii 
ot the atino&pheie do plants bung about uiidei diiieient conditions’ 

34: Besciibe and e\plaiu the vaiious method'j with which vou aie 
acquainted bj^ means ot ■\vhidi an can be depuved of its oxygen 

on What cliangch in the coiiipo'aition of the an aie Inought about 
(•"O b^^ gieen plantss, {b) by animals’ At \vhat stage of its life docs a 
plant behave in this lesxicct like an animal’ E^xilain the iihiase 
‘‘balance of natiue ” 

36 Plants both absoib and gi\ c out caiboii dioxide State piecisely 
the cuciimstaiices nxion winch eacli xnocc'sb depend's 

37 (ti\e an account of the piucc'^s of P^cspnatioii, and sketch ap 

paiatU'a b}^ winch ^on can im cstigatc the gaseou-^ ' ’ oci- 

atedwithiL At'hat is tlie jih^ biulogual mqiui taiu ^ ' 

38 How would you make an cxxieiiiiicnt to sludgy tlie jieiiodic 
inci ease ni w eight of a giownng pliant’ Supxiosiiig detei iniiiatioiis of 
weight weie made e\eiy tliice lioiu'- dniing a suinnicL da^’’ and niglit, 
and expiessed b} nicaiis ot a cuive, gi\e the xnobable foiiii of the cui\e 

39 What 13 meant h}- a “ staich luinfc” ^ How ma}’’ it he xnopaied 
and what coiiclusioiib as to the foiniatioii of staidi can x'oii diaw 
tium it ’ 

■10 Seedlings c»t Bean aie cnltnaled sc\eial]y undei tlie lollowiiig 
GuiKlitions — (f() the absence of Iightj {b) the absence ot oxygen, (d the 
absence of CO^ TJesciibe (lie niaiinct ot tlien btlhiMoni in each case 

41 You ]ia\e discu\cicd .staicli in tlic tuhcis of ])otatoes , siigai in 
the loots of caiiots , and oil in the seeds ot nuts ^Ve^c llicse leseivc 
subslanccs actimlly made in the tnbeis, luoU, and seeds, and it not, 
wheie WLic the;y made, and ho\c did tlic^ get to wdicic xon tumid 
them ’ 



CHAPTER V. 


WATER AB.SORPTION AND TRANSPIRATION 

137. The Pood Matei’ials of a Green Plant. — If we 

lUtike lI dieniical audlv.si's ot a plant — an aualy&ifa of the 
gase^j given oK aiul tlio lebidue oi abli left beliiutl on buinmg 
the plant — wo find the following ehoiiiiLal elements caibon, 
o\ygeu, liydiogeii, nitiogen, sulphm, phosphoius, caluiim, 
magnesium, non, sodium, silicon, and chloiine , 

tiaces of othei elenienU aie soniet lines piesent Of all these 
elements, only the fiist si\ actually eutei into the compofeitioii 
oL the living .substance (piotoplasui) of the plant It is evident 
that all the elements found m the plant must entei it in the 
food mateiials ahsuihed All the caibon leqiiiied b^ an 
oidmaiy gieeii plant comes fiom the caibon dioxide oi the 
an, which is alisoilied by the gieen paits of the plant, wliile 
the othoi elements aie absoibed liy the loots, usually in the 
foim of uiLiatcs, sulphates, pliosidiates, chloiides, and silicates 
of ^mtassiLiiii, sodium, calcium, magnesium, non, etc 

138. Water, Carbon, and Asli in Plants. — In se\eial 
of oui evpeiiments we have seen that watei* is jncseut in 
flesh pliint-liodies, even m “aii-diy ” paits like seeds as sold 
111 shops, and that the watei can be dnven oft b> diyiiig 
plants m an oven without chaiiiug them In ^voody paits 
the pcicentago weight of walei is about 50, in heibaceoiis 
paits (c tf fiesli leaves oi whole seedlings) about 75, in fiiiits 
and in lle:,liv plants {eg Stouecioy)) fiom 85 to 95, and in 
watei -plants and Algae horn 95 to 98 The lesidue in each 
case — the diied substance — gives the “ diy weight ” 

"When the diied paits aie burnt, the oigainc substances 
of which the} laigely consist aie conveiied into luoiganic 
substances, chiefly caibon dioxide and watei, winch escape 
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dill mg tlie piocess of burnmg , the nitiogen, ats -well as the 
caihon and hydiogen, disap 2 :)eai& into the air when the plant is 
huint If the diied substance is chaiied instead of being 
entiiely biiint, we get ohai coal, and if we collected the caibon 
dioxide given oK in complete combustion we should find that 
a laige peicentage of the diy weight is lepiesented by carbon 
— as much as one half 

The mcuinbustible lesidiie, oi ash, lepiesents the mineial 
siibsUnces, but in the piocess of biunmg these undeigo 
changeb, so that they occui in the ash in chemical combina- 
tions diffeient fioni those piesent m the tiesli plant-body 

139. Analysis of Plant Substance. — To inalce an exact 
chemical analysis of pi ant- substance iei[uiies consideiable 
slvill m cj[Liahtative and quantitative methods of chemistry 
But it is tanly easy to get a lougli idea of the composition 
of plants by simple expei mieiits 

^ («) "Weigh some fieshly- picked leaves and lecoid the weight Let 
them he iii a diy place until they become appaiently diy (“ an diy ”) 
and weigh again Tiom join uuik on lianspiiation you will know 
that the loss of wciglit is due to loss ot uatei 

^ {h) Diy the lea\es in an o\eu and weigh tlicni twice oi thuce iinLil 
tlie^' sliou no furthei loss ol w eight In this wa> you got tlie peicentage 
weights of watei and of dued sub'^Lanco As a check oi “ conliol,’' heat 
some otliei an diy lea\cs gently in atcsl-tuhe and note the deposi- 
tion of uatei in the eoolei iippei pan ot the tube tins icpicsciiLs the 
“Ingioscopio ” watei wducli is diiven out bv heating 
^ (c) Diy and weigh a poicelain ciuoilile, place in it the oven dned 
leaves, and heat thoiouglily The di}" malciial cliais and may llaino 
ioi a time wlnle binning , n\ ten inniiitcs oi so it is leduccd to line asli 
Kind the weight of the ash, weighing tlic ciuciiilo and its contents 
tu ice 01 tlnice until no tiutlioi loss occuis To ascoitain loughly the 
amount of caihou, licat some uciglied o\eii diicd leaves in a weighed 
cuieihle, after co\eiing tliem with a wcigliod quantity of diy sand , 
attei about ten minutes’ heating Lain out the con teats and iiud the 
■weight ot the chaieoal 

140. The Ash Constituents. — The lUnount of the ash 
inci easels with the age of the plant (wliy It aho vaiiea 
m the dilteieiit pails of the same plant al diheient stages m 
its giowth and lite-hi&toiy 

The folIoAving table gives, loi seveial common plants, the 
appioximate peicentage weights of (1) tlie ash in the plant’s 



WATEJJ-ABbORPTION AND TBAN&PIJRATION 


107 


clued bubstauce, ( 2 ) tlie nietallic oxides, tlie acids, aud 
cliloi me 111 tlie asli itself 


PJcint 

i2 'Ll 
tl ^ 

Eg 
2 ~ 

Is 

" o 

c- 

(S 

o 

100 paits of A 

“Sr 

a ? ° 

sli contain 

1 2 1 o 

& 3 3 

8<l 

^ *>3 

C3 

o 

J2 

O) 

a 

8 

!3 

o 

Red Clo\ ei 

6 8 

31 

02 

35 

11 

1 

10 

3 

2 

4 

Wheat (giain) 

2 

30 

2 

3 

110 

1 

46 

Oi, 

2 

02 

,, (stiaw) 

5 

14 

1 4 


' 25* 

06 

0 1 

isl' 

72 

2 

Rye (giain) 

2 

32 

1 5 

1 3 

11 

12 48 

1 3 

1 4 

0 5 

,, {stiaw) 

4 5 

22 

1 7 

S 

3 

2 

6 

i 3 i9 

2 

Pea (^cecls) 

27 

43 

1 

4 8 

8 

OS 

36 

3 4 

1 

1 6 

,, (stiav) 

5 

23 

1 

37 

8 

1 7 

8 

6 3 

7 

5 6 

Potato (tubcis) 

3 S 

GO 

3 

2 6 

5 

1 

17 

6 5 

2 

3 

(J i apes 

52 

56 

1 1 10 S 

4 

04 

16 

56 

2 7 

1 5 

Apples 

1 5 

36 

26 

4 

9 

1 5 

14 

6 

4 

— 

Tobacco (leaves) 

17 

29 

3 2 

36 

74 

2 

4 7 

6 

5S 

6 7 

Cotton (fibios) 

1 1 

40 

13 

17 5 

54 

06 

10 6 

6 

2 4 

76 

Spinach 

1C 5 

16 5 

35 

12 

6 3 

33 

10 2 

68 

4 5 

6 2 

Hoi se tail 

27 

S 

0 6 

8 6 

1 8 

1 4 

1 4 

2 8 71 

5 6 

Almond seed 

4 9 28 

02| 

8 8 

17 6 

1 

05 

43 

04 

1 



Note the btiikiiig ditfeieuce between the seeds and the 
stiaw (stalks and leaves) of Ceieals and Leguminous plants 
111 the inopoition of inoie iiiipoitant {e (j magiiesmiii) and 
less iiupoitant {eg silicon) elements 

141. Asli Analysis, — The chief elements to he tested 
foi, in aiialysino the ash of plants, aie calcium, potassium, 
niagiiesiimi, phosphoius, sulphiu (the two lattei being pieseiit 
as acids) The ash should not be heated so stiongly as to 
make it buist into flame 

{(t) Is the ash soluble in (1) watei, (2) dilute h^chochlonc acid, (3) 
btioiig hydiochloiic acid Tiiid out in each ease h^ hoiluig some ot the 
ash m a test-tube with ^\atel oi acid, allowing the uiidissoUed pait to 
subside aud evapuiating some of the lirpiid, oi heating it to diyness, 
on a watch glass oi e\ apoiating dish The nisolublo i esiclue, after ti eat- 
ment vith stioiig acid, contains chiefly silica 
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[h] Place about i a 500 c c flask, moisten ib with 

a small ([uautity c , then add about 20 c cs strong 

h} diodilouc acid « (or “ digest ” it for half an hour 

on a \\atei- oi santL-uaLn ab ooiimg-iiuint) Kinse the contents of the 
flask into an evapoiating ba®in and heat to di^uiess. IMoisteii the 
lesidue with btiong hydiochloiic acid, add about 200 c cs of watei, and 

filtci Make the liltiate ui) to bOO c Cb with uatei and divide it into 

torn paits 

(i) To ore jiaib add, in a laige test-tube, some bauum cliluiido 
solution The tincly-duidcd ivhite piecipitaU* {bauum bulphate) in- 
dicates the inebence of sulpluu* (as bulpluiiio acid) Veiity this by 
iniMUg some di v adi witli caibonato ot sodx, beat on chaicoal wiih the 
lediicing blowpipe thiine, and (1) jnit a tcu diup^ ot dilute liydiocldono 
acid on the fused masb (the siilpliiuetted liyliogLii gnen olt u easily 
iccognised 1)V iti odoiii), (2) put a little of the mass on asihei cum 
and add a diop of dilute acid (a lilack stain ut sdvci bul]jlnde ib 
fuinied) These ‘ cliy ” tests may fail, houc\ei, it but little sulpluuic 
aud is piesenb 

(ii) To sume asli-solution in a test tube add an ccpial bulk ot stiung 
mtiic aciil, then ilnee oi foiu limes its bulk ot ammonium inolybikitc 
A ^ellou piccipitatc indicates pi esence ot pliosplioriis (as phosphuiic 
acid) 

(lid To test foi iron, add potassium leiiouyanide a daik blue pic* 
ci})itate (PiLisbiaii blue) is pioduced 

(i\) It IS nccessiiiy to icmoxe the phosphates fiom the asli solution, 
jb tollows JSTciitialise u itli aiiimonia, then add acetic aud till tlie 
solution In distinctly acid again, and then ainmoninni acct.ito in excess 
Non add feme cliloiide till no tuitlici hufl-coloiucd ])iecipit.ile (tciiio 
jihospliatc) IS pioduced and the suiutiuii becomes icd (owing to ieiiic 
acetate) Boil the solution till it is colouilcss, Jiltei, and i eject the 
piecipitate 

To the soliitiun thus obtained add ammonium chlou<lc, ammonia, 
and ammonium caibonate , a wJiitc piecipitate indicates the jnescnce 
of lime Piitei, and to the hltiatc add sodium phosphate, a white 
piOLipitatc (otten toimcd only altei shaking the lupud and letting it 
stand foi ^oine lunuitcs) shows tiiat magnesia is piesenb 
Piltei, e\apniate the hltiatt. to diyncss, .uid lest the icsiduo foi 
soda and potash Add i tew diops ot pkitinic cliloiide to the le^iilue, 
e\apoiatc again, then add some alcohol , a pillow ci ^ st.illine pi ecipi- 
tatc sliows that potasli ib pioient Oi tlij) a clean ])latinum wme into 
ludiochloiic acid and hold it in a Bunsen oi spiiit-l.unp llamc until it 
no longei culuiUb the flame jtIIuw (uwong to ])iesence ot sod.i) Then 
dip the wile, moistened with liydiocliloi ic acid (stioiig), into the lesidiio 
and put it in the flame Potasli turns the fiamo hut it the 

ycllom (soda) coloui is too stiong look at the flame tluongh a thxih 
piece of blue glass the soda culoiii is cut oil and the redilish-\ lolet 
potabli flame is seen 

If yc- ’ ■ ’ cimcal laboratoiy, you should try to make 

of the ash of a few xiUiits, UHing ilie 
methods given aho\ c, w ith the help ot a book on Quantitative Analysis 
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142. Essential Elements of Plant-Pood. — All ihe 


elements ncimed m Ait 137, and seveial otlieis, occiu* in tlie 
composition of plants and tlieii food 


In fact, neailv all the chemical elements 


Ivuo'wn to occiii in soil, Avatei, and air 
have been detected in analyse^ of 
plaiitb It has been found by e\peii- 
nient, hoivevei, that foi most ^leeii 
plants the essential elements — i e 
the eleiiientb absolutely necessaiy foi 
healthy gioivtli — aie carbon, oxygen, 
hydrogen, nitrogen, sulphur, phos- 
phorus, calcium, potassium, mag- 
nesium, and iron. 

143 Water Culture. — It has Lmo 

lieeii hiiown that a plant (.an be oiown 
111 watei tonlaiiiiiio saltb ni ivljich all 
iliese oleineuts aie pieseiit vutli the 
exception of cation That caibon is 
essential I'l easih pioved, as ive have 
seen, let this element need not be 
pieiseut 111 the solution supplied to the 
loots That all the otliei elements aie 
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essential, and must lie supplied to the 

loots, has been shown liv the method of water culture. 


Seveial plants ot the same species aie giowii in glass ]ais 
(Fio ,}8), then loots dipping into a (.nltiiie solution With 
most plants theie is healthv giowtli only if the solution 
contains potash, lunc, and macpiesia, combined with niitic, 
pJiosphoiic, and siilphiit ic acids, togethei with a tiace of an 
non salt 


^ 144 Expel imeiits with a complete Cultui*e Solution — 

Get '^uinc IcLigo glass ]ais, eacli holding at least a qiiait, toi Matci- 
culLiuc expel iiiients Sachs solution consists ot 2 gi amines ot 
potassium nitiate, 1 giamme each ot socluini ehloiide, cah^ium sulphate, 
magnesium siih>haLe, and calcium phosphate, and a chop ui tuo ot 
non cliloiido foi non phosphate) to 2 lities ot distilled waLci Knup’s 
solution, M'lnch is pci haps bettei, consists ot 2 giainines ot ealcmm 
niliale and 0 5 giamme each ot potassium nitiate, niagncsiiiin sul- 
phate, and potassium pliosphate, v ith non as lietoie, ni t oi kilties 
of w itei Veiliaps the best plan is to get 4 07 ot calcium nitiate and 
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1 oz each ot potasbimn nitiate (salfcpetie), iiiagiie^miu sulphate (Epsom 
salt) and potassium phosphate, and powdei these salts to make them 
di^ssoh e nioi e i eadily These ipiantities will be sufficient foi 32 gallons 
ot cultuie solution , Init the lattei should lie made up as lerpined, so 
that the above quantity ot each salt should be subdmded accoiding to 
the ^olume of solution leqiiiied each time 
Anothei method is to piepaie sbiong solutions ot the salts and dilute 
them as leqiiued Make (1 j a solution containing 2 giammes CadSTO^)^, 
1 gianime KNO„ and 1 guimme KH^PO^ tu evei^^ lUO c cs of waiei , 
(2) a solution containing b 5 giamme MgS 04 to ei ei j 100 e cs ot watei 
riiow seedlings of Bean, Pea, Maize, Buckuheat (these aiisuei uell, 
but otliei plants should be tiied, difleient idants each time you staib a 
senes of cultaiies) until the loots ha\e giown 
a feu inches long, then Jin: eacli seedling into a 
coik 01 a uooden covei The coik oi co\ ci 
should have a hole in the ceiitie toi the plant, 
a slit someu hat naiiowti than the hole lunmng 
to the edge ot the co\ei (so that the plant can 
be iemo\ed easily uhen necessat^Oj anutiiei 
hole fcoi a stick to tie the plant to (Fig 39) 
Take caie to keep the coik, oi wooden CD's ei , as 
uell as the loait ot the plant u Inch is in contact 
uith it, quite diy, most failiucs m watei- 
T'S cultiiie aie due to “dtxmping ofl” at this pait 

(caused by fungi) If a stick is used to suppoit 
the plant, bheie is no need toi any packing mateiial Cuttings ot 
Willow and othei tiees may be used as well as seedling'^ 

Baikentlie loots by coieiing the jais uith black cloth oi papei , 
add watei each da> toicplacetliatlost b\ cvajiniation and tianspuation 
(using a funnel, and not letting the coik oi wood cu\ ei, get u ct) Once 
a month tike the plant out, wash its lOots gently in a liaMii oi u atei, 
pom out the cultuie solution, and let the plant icniaiu with its loots 
111 plain watei lot tuo cla\s before placing it into ficsliciiltiue solid ion 
The eiiltme solution should nob be alkaline, oi the loots suilei , if it 
tin ns led litmus to a blue colom, add acid (•' r/ phosphoiic acid) until 
it gn es an acid leaction 

The loots should be supplied with an , tlie simplost plan is to foice 
ail into the solution eieiydayoi tuo with n bic 3 'clc-pump or a con- 
clensing sjuinge Plants in cultuie solutions aic apt to sullei badly 
fioni lack of oxygen, the amount of wlucli is tai below that pioscid in 
a well aerated soil If possible, use ^ cssels of 1 gallon capacity 

^ 145 Experiments with incomplete Culture Solutions — 

Choose seedlmgs as neaily equal in size and goneial giou th as possible, 
then place some in a conqilete solution, othei s in a solution tiom whieli 
one 01 othei ot t!ie essential elements is wauling To depin^e the 
plant ot putassjiiim, use sodium ndiate instead of potassium intiate, 
and calriiini phosphuite instead of potassium phospliato Dcpiive 
otlieis of calcium % omitting the calcium mliato , ot phosi)hoius by 
omitting the potxssium phosphate , ot magnesium hy using calcium 
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sulphate in place ot magnesium sulphate , of sulphui by using magne- 
fliiun chloride instead ot the sulphate , of intiogen by U'>ing soduini 
chloiide and calcium sulphate in i^lace of calcium "and x^otassiiim 
nitiates, ot non by omitting the non salt (which slioiild be added in 
all othei oases) 

146, Essential Soil-Siib stances, — A soil must contain 
the same essential elements as the full cnltnie solution in 
01 del to allow plants giown in it to come to matuiity, and 
these elements must be in a foim available for use by the 
plant Soil-watei contains most of the e&sential elements in 
the foim of dissolved compounds The conip)ositioii of the 
watei piesent m a sod can be learned bj'- aual^^sis of diainage 
watei, and we can test soils foi soluble substances by letting 
distilled watei diain tbiough them and then applying to it 
tests foi the essential elements given above 

* (rd Campaie the gioutli ot '^eedlmg':> (of the SAUie kind of xdunl) 
winch have been sux^xjlied uitli (1) di'^tilled watei , (2) taj) watei , (^) 
cultuie solutions (some comxdete, othei s with one element oi othei 
omitted in each case) If 3011 giow tlie i^Iants in washed sand, watei 
uith (1), ( 2 ), 01 ( 3 ) daily In eithei case comxiaie also uitli ^jhinta 
giuwii in good gaicleii soil Atlei, say, six; weeks, dn^ thoioughl3 and 
■woiglitlie seedlings, and comxiaie then di3’^ weigh tsi , tlieii bum them 
and Lompaie the ash weights 

^ (?>) Place some di3", fine garden soil 111 a funnel, plug the tube liglitb'- 
with cotton wool, and poui watei slow'b on the soil Collect the hist 
fewdiops that 00/e thiuugh and lepcat the test with dipheii3 laininc 
Tlie xuesence of intiates is sIioami b3 the pioduction ot a deep hhie 
coloiiiation A feitile soil alwa3s contains nitiatcs 
^ {() Continue to x^oui WMtei tluough the soil in the tunnel, and aftci 
collecting what comes tluough, evaporate it to ch30iess and compare 
tlie icsicUie with what is left attoi e\ax)oiating an equal volume of 
the water used 

1^7 Pormation of Nitrogenous Substance — The elaboration 
( , '' anoe is not so oleaily understood as that of caibo- 

I * the simplest process, leading to the formation of 

I ' _ organic compounds (a7mdes or aimdo acids, con- 

taining caibon, h3diogen, ox3"gen, and nitiogen), that one can suggest 
IS the mtoi-actiori of siigai and niLiate of potash, the chief piioducts 
being an amide called abpcuagi/i (widel}^ distiibuted in plants) and 
oxalate of potasli The latter, like oxalic acid itselt, is poisonous, but 
it combines wnth the lime biought iij) in salts fiom the soil, loiming 
oxalate of lime, winch is insoluble in watei, and theiefoie ci3'stallise9 
out and is rendoied liaimless This is probably one soiiico of the 
oxalate of lime which occius so abundantl}^ in ci3^stals in plant- tissues 
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These ciystals (Fig 40) aio moie abiiiiclant in leaves exposed to full 
suiili'^ht^than lu shaded leaAes, and in the gieen tiiaii in the nut giecn 
“ paitfcj of vai legated leaves 

The disappeaiance of nituite tioin 
lea\es shows the tsame i elation to 
liglit and to the piesenee or ahsenoe 
ot chloiophyll a& does the accnmnla- 
tion ot o\alate of lime Nitrate dis- 
appears trom cut leaves in a tew 
(lajs, if they arc exposed to light, 
in \ariegated lea\es the iiitiate dis- 
appears only from the green paits 

14:8 Formation of Froteids — 

Thus ^\G lia\ c explained, as tar ai 
possible, the building up of soluble 
car boh} di ale's (siigais) and soluble 
nitrogenous componiuls (ainidcs) in 
the green leaf With the exception 
of w hat IS Ubed directly I)} the assinu- 
lating cells, the siigais and amides aie traiistciicd to lire \aiious 
paitfof tliu plant J// living cells contain tliesc solnble cailioh}- 
diates and mtiogenous compounds com eyed to them in the cell-sap 
The In mg pioto})la‘=:m makes use of tliesc as food substances Together 
uitli sulpliiu and pliosphoi us tlie} are built hist of all into more 
coinijlcx [p/ofiid) substances and, hnally, mt(j protoplasm 

One ot the cluet tor ms in vhicli sulphur eiiteis the pl.iiit is calcium 
sulphate The sulpliui is libeiatcd, and tliiis enabled to combine i\ itli 
the oigaiiic tood siibstaiue, b} the a< Lion ot an organic at id 'I'hisacid 
appeals iii luanv cases to be oxalic acid The calcium ot the sulpbato 
combines with the oxalic acid to lonn fakiuni oxalate 

149 Use of the Metallic Elements — T'otassaim, cah mm, mag- 
nesium, and non do not enter into (lie enniposilinii ot llic li\mg 
substance, 3 et the} are essential elements ISTow^ we ]ia\ e 'Jecti that 
non, althoiigli it does not oiitei mt(3 the comjjobition ot ahloiop]i> 11, is 
iiecessaiy tor its tonnation This gives iis a hint as to the use ot the 
other elements It would seem tliat [lobissi iini m tlie same way is a 
necessaiy condition for tlie tuiinatuni ot ciai boh} di ales, and tliat 
calciinn and magnesium are nercssaiy for tire distribution ot c.iibo- 
liydiates Cilcuim is also ot impnit.uico lu the formation ot more 
complex substmees from caiboh}dLaLts, since it combines with, and 
thus makes liaimless, tlic poisijnous by-piodiict (oxalic acid) whiclr is 
for rued in these processes 

150. What are the Chief Functions of the Root? — 

Eetei to the paits of Chaptei I in wliicli tlie loot of the 
BioacI Bean is dealt with, go ovei llio obsei vatioiis yon have 
made on the loots of seedlings wliicli you have gtoivn, and 
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examine tlie rods of as many plants as possible, wikl and 
ciiltivateJ, pulling oi digging them up and examining them 
as diiected in Cliaptei I foi the loot of Bioad Bean What 
chaiacteis do neaily all loots a^'^pcar to possess in Lommon, 
fiom youi own ob&eivations on loots of vaiious plants^ 
What do you think aie the chief uses, oi iunctions, of loots 
How could you test youi ideas on this subject by simple 
expeiiments ^ Tiy any methods that occui to jmu, befoie 
going luithei 

^ (a) III a Bean aeeclling giown in sauxlust oi soil, cut acioss the mam 
loub just below fclio cotyledons the plant Lillb o\ei »Suppoit the 
plant by t^ung it to a stick, and keep the .sod oi sawdust moist aioiind 
the cut place notice the new loots loinied fioiii the base ot the 
steal 

^ {!}) Bepeat [a] uith aiiothei seedling, planted b^ iL'^ell ni a ))ob oi 
bo\, but attci t}ing it to a stick allow it to leniani nun ala <(1 What 
change j docss it '^liuw, liuni d 13 to da3^, in the coloui, -.liape, and 
position ot the lea\cs, and in an3^ otlici lespccts ^ How uould 3011 
dcseiibc these changes, and who iiUiinil'h becomes ot the shoot’ 
Foi coiiipaiisun, allow some .//< uf.iia! fllnig'i to lemain imwatored 
do they show the same chaiigL-^ ' WJi iL do Ih' so simple obseivatious 
pio\e as to the wuik ot tlio lOot ’ 

* (0) Fi': a seedling with its loot dipping into wmLol 111 wliicli some 
powdcicd Neimilion Inis been yliaken up vigoiously Attei an houi 
01 tw'Oj cut aiioss the luoL a slioit distance alm\c the smface ut the 

coloiucd liejuid Has any of the 1 mdl 1 (which consists of 

giams 611'^puidcd m Lite wuta ) cntoi' ■! Lh. ■ . 1 

* (d) F]\ a seedling wnth its loot dipping into led ink (coloiumg- 

mattei solution), and attei a time (tiy se^clal scedhngi,, and gi\0 
them dilleient leiigUis ut time) cut acioss the loot, to see liow’- lai 
upwMids the coloui has spiuad, and in wdial pait ot the luob it tiavcls 
Also cut acioss the ot seedlings that lu\ehceiim icd ink toi a 

day 01 two, and notice the led sUined bundles how' does the lirpud 
tiavel in the Icaics ’ 

Tlie loot, tlieiefoie, fixes ike plant 111 tlie soil ami also 
absoibs wTitei cincl passes it upwaicls tin on gli the stem into 
tlie leaves The watei absoibed fioni the soil is not ini'^e 
watei it contains dissolved substances of gieat impoitauce 
m the nutiition of the plant, as we shall see latei. 

Do you know of any plants whose loots have other func- 
tions besides those of fixing the plant and absoihing watei 
with dissolved salts ? 


s. B 


8 
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151. Transpiration. — E vei yone kucws that a leaf, plucked 
f 10111 a liYiu^ plant, becomes diy aud witlieied attei a time 
A Beau seedimi* becomes limp -when pulled up and allowed 
to “ wilt,” but lecoveib when set in watei 

Have '^uu noticed that wlieievei plants aie onclosed by 
C'lass — e<i in gieenhouses, oi bell-jais coveung jilants — 
moibtiue often collects on the glass ^ Does tins iiioiskiie 
come fiom the moist eaith, oi fioni the ^dants, oi iiom both 
It Is easy to show by eApeuuieut that a healthy and vigoious 
plant gnos oil watei apoiu, which esoapes chiefly fioiii the 
lea\es This escape ot watei -vapoiu fiom a plant is called 
tiiui^l/uaiion, and the ciuient of watei which passes fiom 
loots to leaves is called the tuinspDutwn ciu lent 

The loot absoibs a veiy dilute soliitioa ot silts, hence the 
excess of watei must be got iid of liy evapoititioii fiom the 
leaves Tianspiiation is, howevei, something iiiuie than 
meie evapoiatiou, toi the leaf can contiol the late at which 
the watei vapuui is guen olt 

Befoie leLiuniug to the subject ot loot absoiption, we shall 
study the tianspiiation cuiieut 

152. The Transpiration Current. — The aiiiount oi 
watei conveyed iipwaids tiom the loots to the leaves is 
otteii leiy gieat, the watei flowing npwauls at tiom bins to 
(jft pei horn in tiees (as much as 20 ft pei honi in climbing 
plants wnth long slendei stems, e </ ciicumbei) 

If the stem of a Yme oi similai plant is cut in fapiing, 
laige quantities of watei y sap escape fiom the cut end 
attached to the loots, ^ and it a tube filled with nieicniy'' oi 
'\\atei Is attached to this cut end, by stout iiibbei tubing, 
the escaping sap may suppoit a column of meicuiy’- seveial 
inches high, oi one of watei seieral feet in height 

A Simflowei, 3|ft high and with a siuiace of 5,600 squaie 
ms , has been found in summei to exhale a pint oi watei a diiy, 
which Is about a cubic milliiiietie fioni each squaie inch 
Excessive and unchecked tianspiiation is, liowevei, higlily 
dangeious, and hence aiises the impoitauce of an impeimeable 


^ Tina only takes place when the plant is fully cliaigcd with watei 
Hence, in sumniei, no lileccUrig” is shown, although it all the leaves 
aie leiiioved it may comiiicnco atfcei a longci oi shoitci intoi\.il 
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cuticle, foi it allows tiauspiiation to be legulated by tlie open- 
ino and closing of the stomates 

The guaid- cells collapse and close the stomates lu daikness, 
and also wheie tlieie is a deficient supply of watei, oi when 
] ‘ i too active The leaf is unable to assimilate 

< ' ■ in the absence of liglit, so tliat the stomates 

may close in daikness without detiiment to the plant, and in 
this way unneces&aiy eva-poiation and its accompanying cool- 
ing eitect aie laigely avoided 


153. Transpiration Experiments, — Does the watei - 
vapoui escape fioiii both sides of a flat (bifacial) leaf to an 
equal e\tent Thiough what channels does it pass in the 
leaf ^ Does the late of tianspiiation vaiy, and what condi- 
tions cause it to vaiy ^ What othei questions legaulmg 
tiauspuation occui to you, and how Avould you attempt to 
get the plant to auswei } out questions 



ricj n 


^ (ft) Get thice •t.imilar bottles full of watei (Fig -il, B, 0, D) Into one 
(D) ])lace a leafy shoot, into the second (C) a shoot dcpiived of leaves, 
and lea\ e the thud (B) as a contiol See that the level of the watei is 
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the same iii all tluee Lotties at lust, aftei some liouis’ exposiue to 
light Lompaie the aiiiounts of M'atei left iii the Lotties Whidi loses 
most watei, and which least’ 

r (/d ri\ a lung-stalked leaf (oi the uppei pait ot a Biuad Bum oi 
shout, L' ({ Duxd Nettle) in a caicl, passing the luit-stalk (oi Llm stem) 
tluoiigh a hole in the middle of the caid and sealing it up wiUi putty oi 
plasticine Place seseial cauls, each with a Icat oi shoot fi\ed into it, 
uvcL tumbieis iieaily hlled with ’uatei, and o\eL each ut these tiimhleis 
iu\eit a diy empty tumhlei, lesting on the caul Notice the diops 
of watei loirued on the inside ot each ciupLy tLiiublei, b}" condensatiuii 
ot the Matei \apoui guen utf ]jv the lea\es Asccitain wliethei any 
•watei-iapoiii is gi\eii od when (1) the uppei suiface, (2) the luwci sui 
tacc, ot the leaf is sineaied with \aseline to block the stomata 

(r) Get aiu leal 0*5 witli bioad, tliiii blades and faiily lung stalks — 
L <f Lessei Uelaiidiuc, Uaulcii (iLiaiiiiiiu ‘ Place the in in bottles ot 
led ink, with the cut lowei end ut the stalk clipping into the ink, aiul 
note the culuiation ut the xcui^ Cut a (Lass shoot abovo the cieeping 
stem, and Liy the '>ame evpeLiiiieiit, nuUcing the paiallcl aiiangenieiit 
of the veins, as indicated by the lecl lines winch appeal in the leaicsia 
a day oi two , a Maize ot ^Vlleal seedling 111113^ be used 
(d) The sucking fence cxoiLcd by the loaves can be di niunstiatcd Ijy 
attaclniig a leafy Inancli, cut luidei Awitci, to a tube Idled with watci 
and dipping into a coluuiecl solution It will be touiicl that the kittci 
usccikN the tube c\uii w^licn the lattei is many' icet in length 
Get a blanch ot ^\hUow^ 111 which the >uuiig iea\Ls ha\e become fully 
e\p€aiidcd, and attach it by means ut a piece ut stout nidiaiiibbci 
tubing to a glass tube about 9 ins long, with the cud laithe^t horn 
the hiauch bent at light angles loi about Jins Aiiaiigc the bianch 
xeitically, the loiigei limb at the glass tiJ ■ h - -d db ancl the slioit 
teinunal jiait dipping into walci tinged > ii |. t. -i i.ii It is best to cut 
the blanch and attach tlie tubing iiiidei wutei in a laigc basin, so as to 
picvciit the entiaiicc into tiic stem of au-bubbles, wdiicii ■would dimmish 
the flow ot w.itei Liit llio glass tube out ot the WMtei wdieii the 
blanch IS ii\ed up, and notice that the colouiecl w'atei soon begins to 
tla^el along the hoiizuntal tube This ap[>aiiitiis may be used to 
loughly measuie the uite ot the tianspiiation ciuicnt 
( 1 ) Asceitain wdicthei the lluw^ is clilleiciit on blight and on dull 
days, and (2) -wliethci it is lullueiiced by opening tlooi and Avindow'’ so 
as to cause a duinght AVliat is the otlecb ol snieaiing the siutaces ot 
the Iccues willi vaseline' On chneient biauchcs smcai (1) the iiiipei 
suitaccs, (2) the luw'ei suitaces, ( 3 ) both aiufacco, cjf the lea\es, and 
note the late ot the tiunspiiatiun cuiient in each case 
» (e) A useful iDiece of apiiaiatus foi ohsenations on tianspiiation is 
the potometer The essential pait of tlie appaiatus is the potomctei- 
tiibe (Fig 42 a), a stiaight tube [a) about half an inch in diametei w-itli 


^ 111 wuntci the long stalked Iicait-sha^iecl leaves of C4aihc Miistaid 
ate veiy useful foi expeiiuients on tianspiiation. In spiing use leaves 
ot Lessei Celandine 01 Violet 
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a bent tube (/y) annealed to it about half ■wa}’’ The object of the 
bianclicd tube to pie^ent the accnmulation of an-bubliles bcloA\ the 
cut end of the shoot at a Any an bubbles iia'^sing up tlie nauou 
tube (inseited thiough a cuik at the lowei end of the sfciaight limb) will 
ii'miall^ collect at h, and the coib at h then ieino\ed and uatei 
ponied in If an collects at «, ‘dimply tiiin the appaiatus lound so 
tliat the stiaight limb lies hoiizonlally iibo\e tlie aide liml), uben the 
an passes up to a 



{/) Fiv up llic appaiatus sliowii in Fig 42 r*, and take leadings as in 
the pieceding cxjieiiincnl Fiom tlic inside diamctci of thonaiiou 
tubejoiiian casil'^ calculate the \olumc of uatei sucked along m a 
gncii time hy leading tiom the caidboaid scale and inuUiplj ing the 
tube diaiiielei hy itsell, by I) S fsliictl^ 0 and b^ the length 
{(/) Fig 42f's]iousan inipio\ cnient on tlicoidinaiv potometci, con 
sistino ot a tunnel connected uilli tiie potuinetei-tiibc by a piece at 
lubbei tubing A clip is kept on tlie lattei, the funnel filled Tr\it]i 
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watei, and watei passed into the potometci -tube, when leipmed, l)y 
leleasing the clip 

* (li) Foi expel imeuts with small plants (r rj Bean seedling) oi cAcn 
single leaves, tlie appaiaUis sketched ni Fig ^1 a i^ coiiAcment [I'lio 
lale oi flow lb loughly measiued b;\ the papoi scale fastened to the 
long hou'-ontal tube, eaie must he taken to make the coik and the 
]Oimngs of plant and tube uith it an tiglitb^ using i>lasticine oi \\a\ 
This appaiatushas, ot coiiise, the disachaniage that an-lnibhles colhi t 
below the cut end ot tlic plant and stop tlic watci cnuonl, licnc e it is 
not so con\ enient to use as the jiotonictci 

(?) By the aid of a simple piece of ap]>aiatus 
(Fig 43) and a weighing lialaiice, the amoiinl ot 
watei lost 1)}^ a leaty stem can be detenu incd, 
and at the same tune it can lie pioved tluit (lie 
amount tianspned is appioximatcly tlic saniL us 
that ahsoibed by the loots A plant is fixed by 
means of an an tight indiaiulibci coik in a lioltle 
filled with watei As w’atci e\apoiates fiom the 
leaves and is absoibcd by the loots, the level of 
the watci in tlie giaduated tube falls Thm 
gi\es the amount absoibed tlie mots, and on 
weighing the appaiatus it wnll be found to cone - 
spoiul to tlic loLal amount lost ))y c\ap(Jiation 
horn the Ica\e^ and stem 

Facli ot tlic laigei dnisionsoii the giadnaled 
tube coiiespoiuK to a cubic ccntmietic ol watei, 
sutliat wlicn the loots lunc .ibsoi bed thataniounl 
the entne appaiatus will li.ue lost about oiu 
gi.imme in weiglit ^’hc ^cutual tube .illailiisl 
to the side of the \esstl, il nol giailuaUd bv 
cngia\cd hues, may ha\e a scale diawn on a 
n.iiiow stiip of papci and li\td to it 'I'lie 
divisions should lepiesent dclinitc \oluMKh, urn li 
as cubic CLiituiicties Fill the vessel with walm, 
lejilace the stop[)ci flimlv, and .set asidi* l(ji 
obscnation ^J’lie \olume ot watei liefomts less, 
and tlie amount of loss nuiy Ik seen b\ ohsemng 
the scale Fiitci in a booh the amount ol loss in 
LLlLimalTlw inlcnals ol lime, and note Unit it is less 

tiun ot w 'itiM ijj tlicj dining daikiicss than in the light, jiiid also tliiili 
ra.otx, atul tlio Lusri it \aiieh w itl) atmosplieiit conditions 
b} Ti . 111*5] la iitioii f lorn 

t)iL ]juL\es (y j Walltluwci Ol huge Be.in si idling iii 

the appaiatus sliown in Fig Tl, and (htumnie 
the amount ot watci losT mahi (he optimal 
conditions c in a w ai m, an \ , w ell illiimiiiatcd i oom), ( itlu i 1)\ wisgli 
mg at nitcmals, oi by watching tlie att.Khcd iigistei 'I'liin iimoM* 
all the lea\os and cut out tw'icc tlieii aie.i iii tlm h nole-p.ip< i, to whii h 
add a piece the same lengtli as the stem and Ihiee tinic^ its lueadth 
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^Yelgll all the pieces of papei togcthei, and also a picco a foot sqiiaie. 
The ioimei weight cli\ idcd b}" the lattei will gi\ e the aiDpioxiinate siii- 
faee aiea of tlie plant in scpiaie teet Fiom tliose data tlie a\eiage 
ainouiit of watei evapoiated in a given time fiom a squaie inch of sur- 
face can be calculated 

(7) AnnUiei method is ha^cd on tlie fact that diy calcium cliloride 
gieedil}^ absoibs watei sapoin, and if exposed to the in foi a feu cla^s 
even in diy u ealhci it u ill absoi h so mucli to dissoh e the salt, show - 
ing tliiit uatci vapoiii is always piesunt in tlie an Fix a seedling in 
a bottle full of watei, plugging up the liole in tlie coih, thiongh whicli 
tlie stem passes, w ith plasticine , oi get a plant giow ing m a pot ot soil 
and co\ei the soil with a lubbci sheet, oi with a lavei of melted wax 
Place beside the plant a watch-glass containing diy calcium cliluude, 
W'eighing w^tch-glass and salt, covci the wliole W'ltli a liell-glass, and 
ex]Jose to light , aftei a tew^ liouis, weigh the watch glass and chloude 
again, and note the me i case in weight To make tlic expeument muio 
acciiiatc, set up a “contiol,” by placing iindci a siniilai bell glass a 
wxitcli glass euntammg an ecpial weight of di;j calcium chh^iide, and 
expose along with tlie othei appaiatus, containing the plant, foi an 
ctpial time, to fnul out liow much ot the wxitei-\ apoiii absoi bed was 
alicacl^ piesonti in the an hctoie the plant began to gncnll watei 
va]K)Ui by tianspiiation 

Insteail of calcium cliloiidc, coiDpei siilpliate may be used, though 
]t IS iKjt epnto so elloctivc This salt when di}" is wliite, but wlien 
moist It becomes blue, thoiouglil^ di^ Die salt and place a weighed 
quantity ot it. in a diy weighed w atUi glass, and ui langc the cxpci i 
nient in the same wa\ as beloie 

^ (7) A noth Cl nutbod is to use a small plant, e <f t\, ganlcn Geianinni, 
flowing in a tin fitted wntli a split coik tliioiigli wJulIi passes a tidie 
foi wailLiiiig ^hike watei tight w itli plasticine, and note the loss ot 
weiglit Set btsido the plant a lessel, ( i/ a saurei containing watei, 
and m oidei to comp.ue the loss ol watei tioni llio plant and liom an 
csiualaieaof watei detcinune the aiea of the tianspmng siutace and 
that ot the watei m the saucci 

^ {///) Ciittlucc licaltliy Icaicsof Incliai ubhci plant oi of Illiododcndion, 
plug the cut ends witli pListicmo, ( 0 \ei the /o/ec/ biiitace ot one ( v) 
wntli \asclino, coici tlie upjni suiface ot tlie second leaf (n) with wise- 
line, and leave the tlmd (< ) untouched except foi the ]diig o\ei liic cut 
end 1'ie a piece of wiie oi stimg to each Iciit, weigh each loaf caio- 
fiilG, then liang them up noai each ofhci and weigh them oacli da;\ 
Altei scweiiil ihi^ s the loat whose stom.ilcs aie blocked ( \ ) will be still 
gieen and fiesb, while the othei s will he moie oi less wotlieied and 
blow n 

in) <Jct some cobalt chloride (niuiauc oi siiliibale) , make a solution 
(about 5 pci cent ) m watei, and soak some jilt ei -papei s oi slicets 
ot linn blotting pa[)ei m the solution I)q^ tlie papei s, and obsei\e 
that tin V tuiii blue Put a dio]) of watci on one of the clued papcis, 
01 siiiipl^i bicuthc on il and notice the change m coloui These c(»l>ill 
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papeis afloid a delicate test foi -^^atei vapoiii Place a thin leaf 
between two cobalt-papeit, and keep them flat by placing between tw'o 
cliy pieces of glass Notice winch siuface ot the leal gnes ofl most 
watei \apoui, as shown by the cliaiige of coloui 

(o) Tlie cobalt-papei method enables ns to tell ^vhethei the stomatea 
aie open oi closed Put two plants {e q Pioad Bean seedlings) in 
daikness and in the moining expose one (A) to light foi about an houi 
Keeping the otliei (B) in the daik Pvemo^e and test sinuiliancously a 
leaf Oi a fe\vlca\es fioin each plant, noting the time taken ioi tlie 
papei in contact wntli then lowei suifaces to tuin pink , theic should 
be a decided chtTeience betw een A and B 


(//) Cut oft a leaf (t q Tiopaeoluin) and let it he on the table until 
it Ims become limp (not long enough to let it get clued up) Then cut 
oft a fiesii leaf, and init the two lea\es (each with luwci side ujiwaids) 
helow a cohnlt-papei Which leaf, the ti esh oi the w ilted, leddens tlic 
paiiei moie lapidlj^’ The expeiiment show's that the stonmtes close 
w hen the leaf w itheis 


{q) vSince evapoiation causes cooling theie must be a dilTcicnce 
in teuipeiatuie betw'een a fiesh leaf [with stomates open) and 
a W'llted leaf (‘,tomales closed) Wiap and tie lound the hull) ot a 
theimometei (1) a leaf out fiom a Tiopaeoluin, (2) a leaf still attached 
to the plant (expijsed to liglit), and note tlic leadings ot the two Ihci 
monieteis, ^\^heii the cut leaf lias w'lltecl, its tcnipeiatiuo will ha\e 
iisen (sometimes as mnrli as Cr C ) Bepeat the cxpLiiincnl, ketpnig 
the leases mdth , the teinpciatiue ot the two Icat es leimims piac'^ 
ticall^'- the same (why'') 

(0 That salt solution causes the stomates to close ma^ he sliow'ii 
without using the micioscope, hy means ot cobalt-papei ^^atLl a 
Bean oi othei seedling in a pot with 0 r'l pci emt solution of common 
Fait (I giamme of salt in 200 c cs of tvalei) foi a few days aVsl w ith 
cobalt papci leaves fiom this seedling (A) and leaves horn a scullimr 

(B) watei ed .,vay The leaves ot A redden the panel 

nuu ii moie of B Why is it that a wml salt solution 

actuall} keeps cut ni dug-np plants ficsh^' Plants sent )^^ post will 
w lit much less it spi inklcd w ith a weak solution ot salt 


154. Absorption and Excretion of Liquid Water by 
Leaves.-— Unlesb tlieie ih a tbiclc wM\y iinw'eliable cnitudi' on 
then sill face, leaves can absuib a ceilaui amount of lljo laiii 
wxatei falhiio on tlieiii In Flow'cinio Plants, lio-wovei, this 
ca23acity foi absoibin^ ^valei I)} tlie leaves us not neatly 
maiked. as ni some of the low^ei plants (especially inossi'sand 
lichens), and in many cases it is pievculed by tlie voiy same 
adaptations which the leayes posseps ioi hindeuim e\c*ofebne 
tianspiiation (Ait 155), ^ 
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Wlieu tlie stoinates close at niglit, water i& still absoibed 
by the loots, anclm this way a plant which has become wilted 
on a hot day lecoveis lU tmgidity at niglit Drops of watei 
may be foiced out of the leaves, 
usually through special openings 
(watei -stomates) at the niaigin of 
the leaf A watei -stomate hab 
two giiaid-cells, but these lemain 
always apart, so that the stomate 
does not open and close like an 
ordinal y stomate Watei -stomateb 
occur at the ends of the bundles 
(on the ieeth wlien the leaf-niaigiu 
IS toothed — well seen in Fuchbia) 
and aie connected with the bundle- 
endings by meaiib of a mass of 
glandulai tissue (watei -gland) In 
Saxifiages theie aie hairs close to 
the water-stomates, on which lime 
IS deposited as the excieted watei 
evapoiates In Glasses the watei 
escapes between the iidges of the 
leaf and, in seedlings at anv late, fiom the tip of the 
leaf 

(«) Ti}-- scvcial pltints and find nut uhetliei llieu leaves can absoib 
watei diiectly Cid and veigli a leafy twig, oi a leaf}’- shoot, oi a 
veil giown seedling , then plunge il into uatci, innncising the leaves, 
foi a tew minutes, caicfidh wipe it di} v ith Idottiiig-papei oi a soft 
cloth, and weigh again 

^ (/j) CovoL vaiious glowing plants with a liell-jai oveiniglit and look 
foi uatei-cliops evcieted b 3 Uhe watei stoniates The plants should be 
glowing in pots, and tlic lollou ing v ill usually give good lesiilts — 
Piielisia, Tiopacoliim, London Tilde (a Saxifiage, uitli chalk glands) 
III a cut twig of Cheii}, set in watei and kept uiidei a bell-jai, chops 
of uatei aio been oo/ing fioni the glands on tlie Icat stalk 

(r) Covei seedlings of "Wheat oi ]Nrai7e with a bcll-jai, and note the 
e\cietion of uatei tioni tlic tijis of the j'oung lea\cs 

^ (d) Fi\ a cut piece of a Fuchsia into tlic shoit limb of a J tube, as 
shown in Fig 44 koui someuatei into tlie tube and then poiii in 
meicuiy ihops oi uatei aic eansnd to escape fioin the ‘ uatei- 
glands” on the teeth oi tlie Icat maigin A watei gland is a mass oi 
tissue at the end of a \ein, eommunicating with the watei stomates on 
the leal teeth. 



TJo 'I I — lUnili. uf Ut-iiJuniLi iL 
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155, How Leaves are Protected. — We shall see latei 
that youug leaves neail}^ always have some mode of piutec- 
tioii against loss u£ w^atei , they aie often coveied with haiis, 
winch may disappeai as the leaf glows to its full size, or 
they may be liathed in a guiiiiny oi le&inoiis liquid, oi they 
maybe i oiled oi folded up at hist These piotective aiiaiige- 
meuts aie especially necessaiy when the leaf is jouug and its 
tissues tendei and liable to lose watei leadily, oi to jienijuied 
by stioug light 01 by cold 

In many plants the matuie leaves show similai piotective 
aiiangements, which aio especially mailced iii plants winch 
glow 111 places wlieie tliey aie exposed to stioiig light, to 
diMug winds, cold, and othei injiinous coiulihuiis, such as 
a scanty oi piec.nious supply of watei Most ex^eigieen 
plants have a thick cuticle, oi a layei of cleai cells below the 
uppei epidcimis, and the stomates aie often sunk below 
the le\el of the epideimis Tiaiis^niation is also dimmished 
by the lolling iqi of the leaf (Heathei, etc ), by a thick covei- 
mg of haiis (Woolly Mullein, etc ), and l\y a coveiing of xvaxy 
“bloom” which imikes the siutace uiiwettalile (Pnuad Bean, 
Tioj^aeoluin, etc ) 

{(i) To iniiUtc tliL‘ olktt ol .1 Ii.iiM C(j\L‘iiny the ti]»p ii.itiis of 
Pig 41 A 01 Fig 42, altci Imiil a\ itli Ihic.id a ]) 1 lcc ot cuttoii \\of)l 
o\oi cacli loaf, S(j as to einci tlif l(o\ei MiUacc oL tlie lc.it (\ai\ tlic 
cvpciiniLnt h3'co\enng ftcf/h suifacts, oi only ihevjjjn/ siut.ice), and 
note the cllect Lins has on the lalc at ^\hlth the leaves gi\c oil watci 
vapom 

{!>) The cllect of lolling can he obsei\ed h\ folding each leaf oi 
lolling itup longiCiidniaLly to loimatuhe, with the lowci cpidciniis 
on the nisidt, and tMiig it. with thuads, and noting the udiRed i.ile 
of tiansjnialion 

(i) Take two ka\cs liotn an liicliai Li!)ht i Flint, nid unio\e the 
“bloom ” tiom one by ‘.ponging U‘. sinf.iLt i.iiehdl^ wnth waini 
WMlLi , weigh both lea\cs, anil h.iiig tlnm up , the hlnom Rss leaf will 
lose watei moie lapidl} than llie untniu hed one 


156. Root-Pressure. — We haie stmlicd iii some delail 
the ciuient ol xvatei, witli dissolxoil salts, xvliuli passes iip- 
waids fioin loots to leaves Kow is tins t laiispiiation cniient 
set up and niamtained ^ What ptiil dot's 1 he loot plii.y in tlie 
piocess 

In the fj.i'^t place the ciapoialum fiom the leaves ti'iids to 
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suck flesh supplies up wauls to leplace that lemorcd by the 
air m the foini of watei--\'apoui, and lu the secoiicT place the 
loot may exeicue a pushmi^ foice (i^oot-pressure), diiviug 
watei upwaids Eipeiiiiieuts with leavob or shoots cut olt 
and set m watei piove that the leaves chutv watei up^\aids 
How cau we hud out whethei watei is foiceil upwauls hy tlie 
loot^ See Alt 159, liowevei 

* {a) Clioose a health} Bean seedling giowuig in soil in a pot, and cut 
aeioss its stem about 3 ins abo\ e tlie soil Tie a hit ot stout luhhei 
tubing, a few nicliO'^ long, on 
the stump, and fill this tube 
uilli uatci, tlicn tie into the 
lubbci tube a glass tube of fine 
boio (capillary tubmg) Suii- 
poit the glass tube lioii^on- 
tall} by means of a cLft 
stick , squeeze thciiibbci tube 
so as to foicG some uatei out 
of the end ot the gliS', tulje 
and ab'soib il with blotfcnig- 
papei, then lelease the lubbci 
tube so that an is diaun into 
the glacis tube Watch the 
acbance ot the uatei (wIiilIi 
should be colouied uitli icd 
ink) along the glass tube Ti} 
thi-i evpeinnent u itli ^ igoious 
plants ot Aauous kinds glow- 
ing in pots 

{h) Cut ofl the stem close to 
llie gioiincl, and connect the 
stump to a long, sliaight piece 
of glass tubing , lasli tins tiilie 
to a sink placed in the soil, 
poiii a little watei into it, 
llien a diup ot oil, which will 
float on the WMtci and pie- 
\cnt e\apoiat!Oii Mcasiiio the ascent of thoAiatci in the tube, and 
find out liow the late is alFcctcd b} teinpciatiuc 


POOT-HAIRS 



ADHERING 
,l;/ SOIL 


Fij,' I'j — iAliistaul SlliIIoi^h II iiiSijul 
(ft II IS Ijfi u mIi ikiii 111 w itii) 


157. Eioot-Hairs aie developed on loots a shoit distance 
hehnultlie lOot-cap They soon die away fioiii the oldei paits 
of tlic loot They come mto veiv close contact with the 
eaithv pailicles, bO tluit wdien the loot of a seedliiiy is 
lifted fiointlie soil a poition of the lattei adlieies wheunei 
lOOt-haiis aie pie&eut (Fig 45), but not wdieiethe\ aie absmil 
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The sluface of the loot is incieabed at least fifty oi si\ty 
timeh hy the loot-haiis The loot-haiis come into contact 
with the watei aioimcl the bOil-pai tides, and each hair 
becomes feiuioimded by a film of watei Some loots contain 
siigai (Gaiiot, Beet, Paismp, etc ), and by chemical teds we 
always find in loots sugai oi othei substances that aie capable 
of “atti acting” watei We have heie the conditions under 
which osmosis ocems — two solution^ sepaiated by a peimeable 
meinbiane (cell-wall of loot-haii), and we may infei ihat 
soluble subshinces m the soibwatei diffuse into the loot-luiii, 
while some of the substances dissolved m the cell-sap of the 
loot-haii difiuse into the soil 

* (fO Root haiisaie e^ixiecially well ^een on the lOots of ^ecfllmg'^ (Figs 
12, 13, cUicl 45) In seedling', ot Wlieat, Radish, Tuinip, Ciess, ni 
Mustaid, giown on miishn stietched o\ei a tuinhlei of watei, the haiis 
aie \ei} abundant An c\en hettei method is to place tlie seeds in an 
eaithenwaie di*.!!, oi on pieces ot buck oi bioken plant pots, and beep 
them moist, co\eiing them with a sheet of glass oi a hell jai , the loot- 
haiis aie tieeb" de\ eloped in the damp an, tonmng a Mliitc fleec} 
coveiing on the loots 

* (/j) Make a loiigh model of a loot-liaii out of along potato tnhci Cut 
ofl one end of tlie tuhei so that it ill stand iipiight, and with a knite 
scoop (Jilt tlic middle jiai t, lea\ing on tlie outside a layci about a 
quaitei of an inch thick Half /ill tlie tuhci uitli salt solution oi siigai 
sohiLioii (about 5 pet cent in culIi case), colouicd with icd ink, and 
stand it 111 a dish of uatei, tlic lc\cl of mIucIi slionhl lujt exccccl that 
ot the salt oi siigai solution inside tlie tuhei Rnnii da> to day ohsci\e 
the use of the coloiiiecl solution, showing that uatci has been ahsoi bed 

158 How IS Root-Pressiue set up? — The ptoccss of osmosis 
thiough the thin cell-Mall of a loot-hau is laigcly influenced hy liic 
layci of lu mg substance (pioLoplasni) ithin the cell -wall, Inch allow s 
only weak soTntions to pass into tlic ban, and ^vlnch ictains the watei 
in tlie cell-sap at a liigli piessiiic Tlic tense condition of the loot liau 
tlius set up is called _ « M , R > i dly osmotic piessuie, legulated 
h^ the inlhieiice of th c m. fi i-iiii im layei If the “ ai tificial root- 
liaii ’’ is placed m a solution stioiigei tlian that wdnrh is inside it, watei 
Is diawn out K\actl^\ the same occius w ilh the i oal i oot lian ]ls 
stillness 01 tingulily is, like the stiilnoss ot an inflated hic\(lc tyic, 
due to tlic ]acssiue inside it I’lns piessiite in the lOot-haii is due 
to alisoiption of watei — hence, wlicn w'e dla^\ tins watei out the lool 
liaii collapse-, 01 liecoinos flacrid Tlic picscnce ot salts in huge 
anioiinls in soil-watci liindcis alisoi plum h^ the mot, this is exactly 
what the mol, has to cndnic m salt maishcs and pcal-liogs 

"When the pusMiiie tliiis set up in the mot liaii icaclics a ceitani 
point the piotojdasm ot the loot hair undcigoes a cliangc, so that it 
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iillowfe the celUsjtip to lju loiced into tlic celLs ot tlie coito\ at the base 
of the loot-liaii Each cell in tuiii, as wc pabs iiiwaicls in the cuitcx, 
iepcat'5 tins piocess, altei iiatcly heconiiiig tuigicl and collapsing, so 
that the Matei witli dibsohed salts e^ enbually i caches the cential 
c^liiulei, and is fuiced into the "wood Aessels 

The ellcctot the inillioiis of lOot-haiis absoibiiig watci and passing it 
on to the coi tcx-cells, which pump it into the a e'-scls, is to piodiice con 
sidciable picsfaiue, winch we iiia} legaid as a foico '' ” ' 

into the wood \ essels and upw aids In some plants 
especially in spiing, but it can be deiiionstiated in mo'^t plants w^hile 
active giowdli lb going on and theie is suthcieiit watci in the soil 
Many plants “bleed” when cut, tins is often been in tuiniiiing ox 
piumiig plants, ebpecuilly in spiing oi eaily suiiiniei 

159 “Negative Pressure” iii Stems — The nnpoitaiice of 
loot-picssiue in comie\ioii wnth the maintenance ot the tianspiiation- 
cuiient has heon gieatly ovei-cbtimated It i& easy to show that ni an 
actuely ' ’ "en no loot-pxc&suie at all, but a 

paiLial ” 

Take . boon pulled up and allowed to 

he lui some time, till tlie ica^cs luuc begun to withei Place Uiu 
seedlnig with its stem iiiidci A\ateL culouicd w itli led ink, then cut 
aciuss the stem iiiidei the colcuued watci Take the stciu out and 
notice that the watci has iim up, in the Innidles, lui some distance 
Tins shows that when the leaves aie tiaiisjniing and tlie loots aie nob 
ahsoibiiig enough watei, tlicic l■^a “negative pressiue”m the watci - 
can ying chaimcE, so that when the stem ib cut uiiclci the coloiucd 
w'atei the lii|ind i iiblics in 

160. Available Plant-Food in Boiif — We litue seen tliat 
lout-litLiib call onlyabsoib dibbolved .suliblauteb Salt b inso- 
luble 111 jnue A\atei* and icipined by plants uie bruugliL into 
bolulion 111 vaiiuus -ways, chieiiy by the caibou dio\ide piebeut 
in boil-watei and by the changes due to the ^aiioub cheniicdl 
piocebses w^e have jubt mentioned It ib easy to piove that 
luot-liaiib give out acid sap, and that they give out cMibon 
dioxide, which accountb paitly, at auj^ late, foi the acid 
leaction they gi^e with htinus In these clilteieiit wavb the 
eleiuentb essential for plant-food aie made ax^ailable foi the 
Use ui plants 

A complete chemical analysis of a soil, though gl^ mg the 
limits of the plant-food the soil can supply, often gives little 
piactical infoi ination as to its teitiiity oi its need foi uianmes 
It IS necessaiy to know, as fai as possible, the amounts of 
the essential elements which aie dnectly available foi the use 
of plants One method, Ubed to deteimine the amount of 
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tiVuLilcible pliOfc.plioiic a-ciJ, foi example, is to iieat the siOil 
with a 1 pel cent solution oi cituc aoid, whicli lepiesents 
loiiylily the aveiaye aculiU of the sap of loots and loot-haiis 

(fi) (huw scccllnigs lliLii luoL'^ looting on welted blue htiiius 

piipei, 01 dipping into blue solution, and notice the change ol 

cuLnui, duo to the acid yubatances cxcioted by the luut-haua 

(/;) (iiow seedlings in a layei ut sum dual oi hoil icating uu a slab of 
polished Iniicstone Attei a-^veek ui so, when the loots ha\e icachcd 
the slab, icinove the lattei iViul exaunno the suitace closely tui the 
liacks eaten into it b} the mots 

{f ) To shuu that Loots give out caihoii dioxide, it ta oid> nocessaiy 
to glow seedlings toi a slunt tune with then loots dipping into hiue- 
uatci, set up a coiitiol expeiinieiit, nUhajai containing llnle-^vatel 
but no plant, 

161 The Soil IS the niediuui in winch land-plants may 
place then loots in such a nuiniiei as to enable them to 
stand elect m the higlit and an, and it is a stoiehoiibc of 
luoistiiie foi the use oi plants The piodiictiyeiiesb ot a soil 
depends laigely on the amoiuii ui walei it can hold, and on 
the leadmess and compleieiiess with wdiich plants gi owing in 
it CcLn withdiaw the watei loi then nse as lequncd The soil 
is also a stoi chouse fiom which plants get the necessaiy ash 
iiigiedieiitb of then iood, the lime, potash, phosphoiie \iad, 
etc , wlneli aie foimed hy the lacahiiig-doAsu tiiid solution of 
the suil-giains The soil is also a laboiatoij" in whicli canons 
lowly plants (fungi and bactciia) iLie at woik hi caking down 
deacl 01 game inaLLei , and coiivei tmg it into ini i ic aeid and othei 
ioiins m wliioli it becomes available ioi the use of liigliei plants 

Idiid out all } oil cun, tioin liooks on Ouology, Phy'^iogiapb^ , Agii- 
cuLtinc, and ( Jaideiiiiig, ubuW ' ’ , tho woik ot luiimng 

watei , iicc/ing luid thaw nig, und other agencies hy 

which soil IS toimed , ^edentai y mid tianspoitcd stnls, the sUuctiue 
ot ^oil , sand, « Jay, liinniiM, chalk, loanis, iiiai Is, and oLlici kinds ot soil , 
the tiee, capillaiy, and hygioscoj^c Aiatci ot the soil , Jiow tlic watei- 
cuiileiiL ot suilh ly nitlueiiccd b\ (Jie iiaLiiie ot tlic soil, hy the landall, 
hy tlic Iiumidily ot tliu an, .nid 1 j;\ the ]jln yiogiaplnc fac\uis (altitude, 
slope, exposine, co^eLnlg of vcgctatiuii) , tho comjjositioii ot sod v.iLci 
and of soil-aii , hov ’ ' is nifliieneod , tho specific heats 

ot dilletcnt soils , hoi ^ d physically (ploughing, harrow- 

ing, digging, lolling, diiinniig, etc }, and cheinically (hy mamnes and 
tcLtiliacL'i} , tilth, tillage, nnilcliing, iiitiugt noiis, pJiusphatic, potassic, 
and oLhci feililisois, luitinal and “ ai litu lal ” , the meaning of 
“lotatiuu of Cl ups” , the wuik done by lutLityiiig and nitiogeu fixing 
Bactci la 
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QUKISTIONIS ON CHAPTER V 

1 Whiit chemical sulj‘:.ttiacc ioinis the ^aeab l3ulk ot ilic uei^difc 
{n) ol a Ining plant, {h) c»f a, plant body attei it lias been tliuiuiiglily 
diied m an oven It the cUiecl body ib now caietuUy binned and the 
ash collected, of what siibbtanccb m ill it be loiuicl to consist, and what 
has been lobt in the pioccbS of buuiing 

2 How -would jmu ^ouibclt deteimmc the peioentage of watei and 
tlie xieicentage ot ash pif 3 bent in a plants Name the cleiiicntb most 
geneially piebcnt in a plant, and slate hoiv 3 'ou youlcl dcteinnne 
uhich o± these eleinents weie absolutely ucoobbai v to tlie life uJ: the 
plant 

IIow \\ ould you dctci nunc tlie best stiength loi a oiiltuie solution ^ 
How lyould you cliscovci it tlie sticngth of the solution was alteied by 
tlio giowth ot the plant m it ^ 

4 Explain how >011 Mould pi oceed to make a ^yatol ciiltine Jiuli 
cate the eUcct, on the plant, oL the omission ot silts containing calcnmi, 
potissium, and uitLogen icspct Lnel^^ 

5 Hij\y aie \\atei-ciiltiue-5 caiiieil on ^ Wliat aio the coinmoiiest 
ciusc:. ot tailine, and how ma> they be giiaidecl against '' 

6 Pea seedlings lyith thou luot^ in distilled lyatei will sometimes 
glow and pioducc leases and flowcis Name the clomeiit-s that the 
plant must ha\e obtained fiom some soiucc oi otlici, and explain how 
the teeding ot the plant in this case must have («) agieed with, and 
{/;) diflcied tiom, that ot a Pea seedling giowui iii caibh 

7 111 what foiiu is {ft) hydiogeii and {b) lutiugen absoibed by a 
plant ■' 

Explain as fiill> as possible the pai L iilayed by each of these elements 
in the economy ot a giecn plant 

S Cne leoults of atUial expeiimciiLs whmh sliuw that seedlings of 
common gicen plants aic no iiushed (c^) by an and sunlight, {h) by 
substances taken up tioni the giouiid 

9 Wiiat aie the essential elements ol an oulinaiy gieeii plant’s 
food In wdiat fuiiiia are these eleinents obtained ^ 

10 AVhat js meant b} “ wxitei ciilLiue” ^ Namo the substtLiiccs 
wdncli aic used in making up a cultuic solution toi a gioeii jdant 

11 Dosciibe tlic inethocl bj'- wdiich the impoitancc ot the xxiiioiis 
mineial constituents ot a jilant’s food has been must sabisfactoiily 
ascoi tamed 

12 What mateiials compose the tuocl of plants"'* E.xplain the dit* 
fcieneeb joii lia\e obsoiiLcl liebwcen the niitiibive piooesses of a young 
seedling and those of an adult plant 
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13 Desujbo simple cv^jci.iiiicnt'a which show Ihiougli what pait ot 
the stem watei ascendt, Hoav would ^ou aiiange an cxpeinncnt to 
show' the relation Ijetw'ceii the \uhiine& oi water absoihecl and gueii oft ^ 

14 : Desci ibe mjiuc w a> s hy Inch 3 on could deaioiistiatc that lea\ es 
gi\e oft Welter vapoiii How do cMeinal conditioii«3 aftect the iiiagni 
tilde of this luocess ^ What is the sigiiiftcance of it in the life of the 
Xilant ^ 

lo Gi\c an accoiiiib ot the piooess of tianspiiatioii By wdiat iiicaiio 
dues the jilanb legiilatc its tiansxiuabioii 

Id It on a waini siimiy day a plant gi owing in a iiut had hecunie 
liinxi and “wdted,” how could 3011 lestuic it to its iiotmal condition 
w ithoub WMteiiiig it iti any w ay ’ 

17 AVIiy dues the insido ot a Caljljage consist ot lightei-coloiucLl, 
thickei, and nioie succulent loaves tlian the outride * 

IS Kxxilain why it is that xiLuila diooxi on a hot day, andiccovci 
then ficsliness in the evening 

19 DcsLiiljc ev^ieuinents you liavo made on Ttanspiiation, and 
explain how the late of tianfaxmaLiuii is aliected iiiidci difteieiit 
conditions 

20 How' dues a plant dispose of the wmLci w Inch it absoibs fium the 

soil ' Descubi with which you aie acrxuainted toi 

icgulaliiig the ■ 1 a xdant 

21 Indicate the xnoliable jnesence oi ahsLiice ot Ues^niabion, Tiaiis- 
piiation, and PJioLosyntliesjs in tlicgieeii and white parts lespcctiv civ , 
ot the vancgatcd leal ot a phiiit iindui noiinal conditions, (a) in the 
daytime, {b) at night Give biict icasoiis tui yoiii aiisweis 

22 Jilcntion all the gases giv'cn oil by a tohago leaf luidci diireicnt 
conditions Explain biieny how' }oii would denionstiato by exxieiimciit 
the evolution ot tlie^e gases, and give an account of the pioccssos 
leading u^j to then fuuiiatioii 

23 Explain, so fai as juiu uiii, exactly how plants grown 111 pots 111 
sibting-iooins aic aflccted hy dianghts, liy binning gas, by one sided 
illumination, 113^ the difteient aspects ut wnndovis, 113/ a di3' atmusxihcie, 
by injudicious w'atciing, and 1)3' otiici conditions to which tlie3' aie 
IikLd3' to be exposed 

24 IJesciibc caiefull3, with dlusti ' ’ - ■* etliods ot 

iiuding out xv'luch side ot an OLdiiiaiy gives oil 

nioic W'atei vapout To what sLiuctiual teatuies and to w'hat biological 
advantage 13 the observed diiioLCiice lelated ^ 

2 o What XV oil Id bo the icsiilt of smoaimg both sui faces of all the 
leaves of a plant with xaselmc 01 other gieas}' isiibstance ’ How would 
3'ou deteimine expei mienbally tlie efteebs so bi ought about ’ 

2 G What aie the ‘ veins” ot a leaf’ What aie then uses’ How 
would you show, 113' the couectness ot 30111 statements? 
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27 If you take two siinilai open vessels full of watei, and place a 
leafy shoot u ifcli its cut end in one, fiom winch will the water disappeai 
moie lapidly’ Evplani, a& fully as you can, the leason toi the ob- 
seivecl lesult, and the natiue of the pioees&es involved 

28 Explain why it is that a shoot ^\hlch is cut olf fiom a plant 
begins to withei and dioop How can this be pi evented ’ How can a 
flagging blanch be levived’ 

29 What puipo'^es aie seivecl by the piocess of tianspiiation ’ 
Unclei what conditions is this process aoceleiated and letaided ’ 

30 A gieen plant is in oidinaiy life continually giving off water 
Explain how^ this is effected, and what is its piiipobe How is the 
piocebS affected by changes in the an and in the soil ’ 

31 How would you pio^e (1) the natiue ot the gas given off by a 
green plant m sunlight, (2) the naluie of the gas given off by a gieen 
plant in the daik, (3) the natiue ot the lu[uid deposited on the inside 
ot a bell jai coveiing a growing plant ’ Uive an account ot the pi o- 
cesses leading to tlie toiniation of the lic|iud 

32 Tiace the path followed b3'' apaiticle of w'atei, fiom its entiance 
into the loot to its exit, as vapoui, from the leaf 

33 On wdiat pait of the lOot aie loot-haiis found '' Undei what con- 
ditions aie the most conspicuous loot-haiis pioducecP What is tho 
function of lool-haus’ How can jou imitate the pioccss imolved by 
a mechanical contiivance ’ 

34 Show how some of tlie commonei opeiations of gaideniug, such as 
digging, manunng, laking, transplanting and w'-ateiing, may be con- 
ducted, so as best to luiiuster to the chemical and physical conditions 
of plant life 

35 How would you examine a handful of soil to see if it contained 
an3 soluble salts ^ How'- could 3 on prove that nitrates (of soda, 
potash, 01 lime) aie piesent in a feitilo soil ? 

36 Dc'sciibe cai6full3^ and illustiate by diagiams the details of tlie 
pi’ocediuo 3'^ou would follow'’ in oidei to find out the difleieiices pio 
duced in the lOots of seedlings b3'' giowung (a) m oidinaiy soil, (/;) m 
watei cultiue solution, (c) in damp air What difibiences w'oiild you 
obseive betw’’een the loots in tlie three cases, and how are they 1 elated 
to the difleient conditions of life ^ What w^oiild be tho ulfcimato late 
of the thice sets of seedlings ’ 

37 Explain wdi}’’ it is lujuuoiis to plants giowoi iii pots to bo too 
frccxiiently and too abunclantl3' WMleied 

38 Can 3'ou measuie the moistiuo piesent {a) in the boil, (?;) in tJie 
air ^ State e\actl3^ wdiat effect each has on a giowung plant, and how" 
3’’Ou ivould clemonstiate the effect in each case 

39 What aie loot-hairs’ Where do they occiu, and what is then 
function ’ 
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CHAPTER VI. 


LEAVES AND DUDS 

162 , Summary of Chief Functions of the Green 
Leaf — Thebe fimcLioiib may bo thus biiefly huminaubecl — 

(1) Leaves aie the lespnatoiy oiy.ins ot the biuc (3 

they allow a free exchange of guises with the atniosplioie by 
means of then btoinates 

(2) The chloiophyll of the leaf, which, as wo have pioved, 
IS itself foimecl only undei the influence of light, has the 
power, under this same influence, of decompobing the oaihoii 
dioxide of the atniospheie, and of Inulding up with tlie 
caihon so obtained, togetliei with the dissolved niineial 
substances absoibed by the loots fiom the soil, the siigai, 
staich, and otliei oigcinic coinjioiiiids of tho plant Some of 
the mateiial thus foiined in tho leiives is trauhiiiitied to ilie 
stem and loot in a soluble state, and oiteii stoiod m tliohe 
oigans m laige quantities 

(3) Water ahsoibed by the roots passes up the stem to 
the leaves, wlieie a laige piopoiUoii of it is lost by ovapoiatioii 
thiougli the stomates Watei lost by evaporation in this 
way IS being continually leplenislied by the loots, and tliiis 
tlieie IS a steady upwaid cuuent by means of Avhicli now 
mmeial niattei is constantly supplied The stomates aio 
leduced m size by the collapse of tlu* giiaid-cclls when 
tianspiiation is too active, and wIkui tho watei supply m 
the soil IS deficient They also close in daikuoss, when no 
carbon assimilation can take place, and by so doing they also 
pievent the plant from becoming txio cold, loi evapoi.ition is 
always accompanied hv a loduclion iii tom 2 )oiatuio 

The leaf pninaiily act.s as an oigan for ahsoihing ladiant. 
euei gy, and stoiing it up as ])oteiitaal eiieigy in tho foiui of 
food It also piomotes gaseous exchange iii goneial, and 
usually foims the mam tianspiimg siiiface of the plant, 
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163. Adaptation of the G-reen Leaf to its Functions. 

— It IS mteiestmg to note how the stiuctme of the oicliuaiy 
bifacial type of foliage -leaf is adapted foi its woik 

Its flattened foim and its position aie the most favoniable 
foi absoibing caibon dioxide and for catching light The 
ejiideimis and cuticle pi event excessive evapoiatiou, besides 
acting as a scieen against undue heating and other ill-effects 
of stiong hght Both palisade and spong}'- mesophyil cells, 
containing nuineioiis chloioplasts, aie adapted foi assimila- 
tion The palisade tissue is adapted to piotect the chloio- 
plasts f 10111 the effects of too blight hght, when the light is 
diffused, the jilastids are aiianged chiefij^ along the upper 
and lowei walls of the columnai palisade cells, but in stiong 
light the piotoplasni moves in such a way as to aiiauge 
chloioplasts along the side- walls of the cells with their edges 
(the chloioplasts aie dibc-^haped) piesented to the light The 
spougv-tisbue, with uuineious an -spaces coinuiimicating with 
the atmospheie by means of the stoniates, is equipped for 
caiiymg on the gaseous exchanges concerned in lespiiation, 
photosynthesis, and tianspiration 

The spieading veins, the laiger ones pi ejecting on the 
lowei side of the leaf, while the smallei ones run between the 
palisade and spongy mesophyil, cany watei (with dissolved 
salts) to the mesophyil cells and elaboiated food (sugai, etc ) 
f'ioin them ^ The mesophyil cells aie aiianged nioie or less 
definitely m gioups extending fiom the epideimis to the 
veins This is cleaily seen in most leaves with well-maikecl 
palisade mesophyil, the celk of the lattei being aiianged in a 
faii-hke mannei as seen in veitical section (see Pig 36 ), and 
the cells winch conveige towaids the veins have been called 
“collecting ” 01 “conveigmg ” cells The veins also serve in 
the best way to support the leaf , the laigei veins have bands or 
colds of haid fibious tissue below oi above, oi in both positions 

164 Forms of Leaves, — Befoie quitting the stiid^ ol leaves we 
mubt observe a numbei of then general chaiacteis — thou vaneiy of 
foini, aiiangenient of Neins, etc In oidei to do this we shall ha^e to 


1 The watei, with dissolved salts, tiavels in the vessels of the wood, 
the dissolved siigai in the long cells of the bundle-sheath, and the 
pioteids in the sieve- tubes ot the bast 
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examine a cons^ideiablenumbei, and to tins end the ',tndcnt should take 
coimti^ lainhlei, supplied with a book foi notes and sketches, and a 
lens The follou inginsti actions must be accejited a ? meiely suggestive, 
and by no means evhaustn e 

A typical leaf consists of a basal moie oi les-^ sheathing poition, 
called the leaf-slieatli oi leaf base, a stalk oi petiole, and a llattenecl 
teiminal poition, the blade oi lamina The leaf-sheath is iisuallv 
j 1 11 o-j- i^ed basal poition oi the petiole, bub 111 most glasses it 

1 ’ size, and ensheatlies the stem foi some distance above 

the node tium winch it aiises 

A sheathing leaf-base is fiecpieatl;> absent, but is especially well 
de\ eloped in such plants as Butteicups, Giasses, Docks, Umbclhteis 
The mode ot inseition ot diSeieut leai es e\]nbits a wide i«ingG ot 
laiiatioii, bub bhe^^ always arise tioni tire shoot oi its Inanches 
The CO called ‘ laclical ’ leaves siiiiph aiise fioni a \eiy slioit 
stem (Piimiose, Dandelion) In some cases the base ot tlio lent 
IS dcciLiiEnt, and toims lueinbianoiia outgiow't]is on tlie iniin .im-, 
(e g some Thistles), while it may even unite aioiuid the stem as to 
toini a perfoliate leat (e 7 Yellow C4eiitian) 


Occasionally the leaf base becomes thick and fleshy, and toims an 

iiiitable 01 "an oi 01 "an ot niovc- 



Fig 4G —Leaves of j\Iiinosa puilica (tlia 
Senisitn e Plant) 

a, Expnuleil clay pimition , b, Hioopnig 
fulileil night position 


merit known a^, the pidriRu% 'which 
reacts to light in siicli a mannoi as 
to place the lamina iindei the iiest 
posisible conditions ot illumination 
This is possible owing to the fact 
that the puhimis ictains the pow'ci 
ot giow'th toi some time aftei that 
ot the rest ot the leal has ceased, as 
can easil}" he ohscivcd by WMfcching 
Kidney Beans and altoiing the posi- 
tion of the stem tiom time to time 
In some plants the xiuhiniis lo- 
sponds quite lapidly to changes ui 
the direction and intensity ot tho 
light TIuis the compound leaf of 
the Sensitive Plant (Pig lb) places 
itselt at light angles to the light 
tailing upon it Each leaflet, iiow- 
eser, lias a piilviiiiis of its own, 
and when the leaf is evjioscd (o 
strong sunlight theso ]nd\ini cin\e 
in such a mannei as to cause the 


leaflets to told togethei in a few^ minutes, betnie tho'^ li.ivc time to bo 
injiuiouslj afiected At night, also, the leaflets to] cl togethei and go 
to sleep, as it weie, while the w^hule leaf sinks downw^auls In tins 
position the leaf loses less watei b^ evapoiatiun, and icmains waimci 
than it would be if expanded The closing mo\cnK‘nls can also bo 


induced by contact, heat, and othei stimuli. 
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165 Stipules — Veiy commonly Miiig-hke ontgi o\\ tlib fiiise fiom 
tile ba'iC ot the petiole, dncl fietpientlj these assume the fmm 

oi latcial uutg^o^^ ths oi the leaf Jjase The oigaiis in c{iiestion ai e ]^noAvn 
ab stipules, altlioiigli tliej c.iunot ahia^s be &haipl> cleluiecl The 
btipules laiy much in size, fonn, and coluiii When tliey aie finite 
small, cli\, pale, and memljianoiis tliej aie usiiall} iunctionletiS, but 
tiecpientl^ the\ toim laige coloiiied pi otectne bud-scales {Magnolia, 
Fig, Beech), and tall ulien the leaves niifold In tlic False Acacia 
i^olania) the stipules aie nietamoiphosed into sinnes (Fig 9Sb and in 
Smtkio thej become tendnls In Teas (Figs 97, OS) they aio laige and 
gieen, and take tlie place and function of the foliage- leaves, which aie 
moie 01 less completely modified into tench ils 
Stipules aie often lelabu ely laige while the leaf is young, and in such 
cases tliej sei\e as a piotection to the 3 'oung buds oi young toliage, 
fiecpiently tailing oti as tlie leaf expands When piesent upon adult 
lea\es, the stipules aid in the pioductiun of oiganic food it tlie^ are 
gieen, and they may also help to lead away lain-watei fioin the plant 
so that it can cliy rapidh, oi to direct the watei to those regions ot the 
soil wheie the absoiptne oigans (loot lians) aie most abundant 

In the Ilhiiliai)) famil} (Pol^ gonaceao) the tuo stiiiiileb join to loini 
a tube {ochitu) enclosing the stem tor ca &hoit distance abo\ e its junction 
M itli the leat The basal x)or tion ot a (iiass leaf ensheathes the stem ioi 
some distance, and just between tlie stem and the base of the tieepoition 
of the leaf tlieie is a small cicscentic scale on tlie uppei siiitace of tlie 
lattei This scale is teiuied the Urjula 


166 Petiole — Note that hile some leaves have a distinct stalk 
(petiole), in otheis tlie lamina extends down to the stem of the plant 
The lattei aie called sC'i'iile hares 

The petiole is usually dnectly prolonged into the lamina as the micl- 
iib, but m the CTaulcn Nastuitium {T}oparolnm)and m the PGnii 3 ^v\ oi t 
[Cohjlcdon) tlie stalk is attached to the middle o)- the iindei-Ruiface 
(peltate leaf) A liansitinn stage is bliovii by the lea\es ot tlic Watci 
Lilj" The petiole ma^" be viuged, and it is ii&ualh'- c^dindiieal oi 
semi c} Inidiieal, being tieqiicntly llat or c\en grooved on the upper 
suilace 

Tlie petiole is a special secoiiclatj bliuctiiie developed iii oidci to 
enable the lamina to expose itself to suitable illumination, and it is not 
aluayb piesent It contains stiancls of vascular tissue, which aie con- 
tinued into the lamina as the blanching veins ot the leaf Tlicre is 
usuallj a laige median vein, lyng above a pioimnent midnb, although 
111 other cases a niimhci ot veins ot ecjual bi/e enter tlic leaf tioin the 
petiole In Gaiden Nabtiii tiiim {2'/ opufolam) and Clematis the petiole 
has the poMOi of coiling aifmntl sup230i ts and hence it acts as a tendnl 
in spite ot the xiiesence of the lamina oi blade 

16!7 Veins — The veins aie simph conducting bundles Avliich lun 
outuaicls from the stem into each leaf, and unclcigo consideiablo 
blanching tliiougliout tlie bubstanco ot the lamuia The largci ’icins 
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usually pioject as. iiclges on the undei-^uifaee, but the smallei veinlets 
aie bulled in the tissue ot the leal The aiiangement ot the smallei 
veinlets and the nuinbei ot the laigei \eins ditiei in diQeieiit leaves 
This IS what is teimed the \enatioii of the leaf 

Note that the lea\e 3 ot all glasses, oicIikK, flags, wild li^acinths, 
and daffodils have all then principal ^eiiis lunning paiallel thiough tlie 
^ ^ that these leaves aie moio oi less elongated and 

I V I ' leaves ot most of our tiees and herbs, however, have 

tlieu veins blanching off: fiom the niidiib on eithei side, 

while the smallei ones foim a delicate uetuoik such as we obsened 
m the bean leaf Tlie foiruei aiiangement {piDCtllel venal wn) is 
diaiacteiistic of IMonOLot^ ledons, the lattei (}LtiLulale venation) ot 
Dicot 5 ledons (but also found in some Honocotyledons, e q Aiuni) 

It leaves aie allowed to deca^ in vatei until the sottei paits can be 
blushed awa^^ skeletons of tlie Iiaidei paits can be obtained which 
diiectly exhibit the venation, but in most cases it is suihcieiit to 
hold lip the leaf to the light to lenclei tlie smallex veins plainly 
\ isible 


168 Simple and Compound Leaves — Some leaves aie simple, 
that IS, then flat xiait oi blade [lamina) is not divided into distinct 
portions, though they niaj^ be veiy deepl\ diMdecl Such is tlie case 
until the lea\es of tlie Oak, Hazel, Ivy, Dandelion, etc These simple 
leaves exhibit a gieat ^anety ot foim, and the ‘student sliould make a 
senes of diauings illustiating the luoie typical shapes 

In compound leaves, ot 'winch we have alieadv seen an example in 
the Bean, the blade is divided into distinct paits called leaflets, ulnch 
may be airaiiged in opposite pans along the cential i.talk as in Bose, oi 
ma^'- all radiate fiom one point of the stalk as in HoibC Oliestuut 

The outline ot the lamina assumes a gieat \auety ot foims, and 
special technical teinis aie given to the moie stiongly maiked and 
moie common^ occuiiing ot these All giadations exist between 
leaves of widelj'- difleienl shape, and since no geneial piinciples aie 
m'\ol\ed in the application of these teims, they need not be discussed 
heie The following list includes the comiuonest shapes — 

(1) Blade broadest near tlie base— r 7 coidate (heai t-shaped), 
sag'ittate (aiiow-head-bhaped), reniforaii (kidney sliaped), ovate 
(egg-shaped), lanceolate (lance-head shaped, much lougei than bioad, 
tapeimg to pointed tip) 

(2) Blade bioadest near the tix3— c q obcordate, obovate, 
oblanceolate (outline as m coidate, o\aie, and lanceolate, but 
wath the naiiow end at the base), spathulate (spoon -shaped, e fj 
Daisy) 

(3) Blade as broad in tlie middle as anywhere else — c q long 
naiiow foims, as acicnlar (needle sliaped), linear (long and iiaiiow” 
with paiallel raaigms), cylindrical , and lomidcd foims, as orbiciilai 
(ciiculai), elliptical, oval, peltate (shickl-like, blade iieaily ciicuUu, 
but with stalk neai the middle of lowei suifacc) 
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l^Tevt obseive the difteient kinds of margins ot the blades Some 
are even or entio'e^ while otheis have shaip teeth whieli usually point 
towaids the tip o± the blade and lesemble the teeth of a saw {8e}}ate 
lea\es), oi ha\e loiuided teeth 
[aeiiatc leaves) Note also the 
haiiy {t ihate) inaigin of the Beech 
leal, the wavy oi sumale margin 
of the Oak, the irregulail}’- toothed 
edge of the Dandelion, the spiny 
rnaigin of the Holty, and vaiioiis 
othei types of leaf margins 

Very frequently the margin of 
the leaf is deeply indented, and 
if the indentations are regularly 
arranged, and are so deep as to 
reach the midrib, a compound 
leaf composed of a serres of leaflets 
rs pioduced Thrs wrll be 
or palmate, according to the ai- 
rangenienfc of the mam \ eins (Fig 
47), foi the incisions will natiiially 
fall betiveen these 

Coinpaie the simple leaves of the Ivy and tlie Beech, both of 
which ate of the net-vemed type Note that in the former the 
principal veins all radiate fiom one point at the base, while in 
the lattei they bianch off from the midrib almost thioughoiit its 
length Now since a compound leaf is produced b}'' tlie division 
ot the lamina between the jiiuicipal veins, it is easj to see tliat the 
former, so divided, would produce a compound leaf with radiating 
leaflets Such an arrangement of veins is toimed palmate venation, 
and tlie leaves, both simple and compound, moic oi less divided in 
this fashion, aio called palmate leaver The aiiaiigement of veins m 
the second instance is called pinnate venation, and by tlie incision of 
the lamina a pinnate leaf is pioduced, which, in the case of the com- 
pound leal, would have opposite leaflets 

A compound leaf is easily distingui-ahed, even by hegmncis, fiom 
a blanch beating leaves because of the absence of any apical bud or 
growing point, and by the fact that a bud oeciiia in the axil of 
the mam petiole, wheieas tlieie are no buds in the axils of the 
leaflets 

169 Leaf-Arrangement — Obaeivatioiis should also be made of 
the difleient vays m which the leaves aie ananged on the stem. 
Theie are two wa^'s in which leaves aie 'i ~ ^ " (one leaf 

ausing at each ' node,” i e the leaves cor • the stem) 

and who) led (two leaves, laiely moie, aiismg at each node). 

The simplest tj^pe ot alternate caiiaiigement is that seen in the 
Broad Bean and in Grasses, where the leaves come oil alternately from 
opposite sides of tlie stem, so as to form tivo lOws , tins is callecl the ^ 
arrangement, because eacli leat is separated from the next abo\e and 


PALMATE 



PINNATE 


Fig 47 — FoiniLtion of Pdlmate anti Pm 
nate Compound. LCtues by the giadnally 
inciLcirting inLisiuu of Limin.H \Mth Pil 
Tu.ito iiiul Pinn.ite Veuatiou lertpectnclj 
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below it by one-lialt the ciiciimferenee of the stem The next 
ment (|) is seen in young slioots ot Hazel, wlieie the leaves at** 
th'iea lOMS Alternate leaves obMoiish ioim a b}>iicd, the natur 
winch ma3^ he easil5^ deteimiiiccl bj*- t^ing a piece of cotton to the 1 
of a leaf, tind caiijnng it m oidei to the bases of tlie leaver al 3 < 
twisting it aiound each one Suppose, foi instance, we do this in 
case of a 3^oung shoot of the Hazel , we find tliat each leaf is one-t-l 
lound the stem as conipai eel with the one below it, and consecpi^i 
tlie loiuth leaf is ^eitically abo\e the fiist, being the staitmg-leaf < 
second tin n of the spii al 

One ot the commonest spiial oi alternate ai i angements is the f, s 
in Wallflowei, Oak, and inaii3" other plants, heie the sixth lea- 
abov’e tlie fiist and the spiial goes twice louiid the stem in pafeF 
fioni the fiist leaf to the sixtli Anotliei faiil^ common spiinl is 
f, seen in DaiS3^, Plantains, etc Do you notice how tliese comnio 
spiial aiiangenientb aie i elated to eacii othei ’ 

When leaves aie aiianged in pans, the two leaves being on oppo' 
sides of the ‘‘node,” each pan is usunll3 set at light angles to the i 
above and the pan below^ That is, the leaves aie m toui low^s, 
pairs being ciosiecl This dcciiSbCtle aiiangeinent is vei3r common, <■ 
Nettles, Labiates, SunfLowei, y3xamoie, Ash, Lilac, Ploise Chesfcn 
Campions, Stitclnvoits, Chickw^eeds Compaiativel3'' few plants li£ 
thiee 01 rnoie leaves in a whoil oi ciiele at each “node ” , tins is St 
in Maie’s-tail [Hipijuns], Canadian Wateiweed {Elodea)^ JuiuXJ 
Heaths The leaves aie appatently in W'-Iioils m Ooosegiass and I: 5 i 
straws, but onlj two of the oigans in each cncle aie tiuo lea\es (li' 
can you tell tins ’] 

170. Leaf-Mosaics, — Instead of giving fuitlier deta. 
heie about tbe -^aiioiis modes of airaugemeiit of leaves on t 
stem, we will call attention to the i easons why leaves lia. 
such vaiied an angements and shapes It is not always QVh 
to explain the diffeient foinis of leaves m different plants, J:> 
some geneial pimciples can be infeiied by lemembeiiug b’ 
Junctions earned on bj'" leaves while studying tlieii foim aa 
structuie The mam fact to lemembei is that leaves i 
qune to catch as much sunlight as pos’:)ible, especially in 
count! y like ouis, wheie the niimbei of houis of sunshine 
lathei scanty The south coast of England only gets aboi 
1,600 horns of sunshine annuall}", and in tlie lest of Biita. 
the niunhei is usually fai beloiv this 

A leaf winch leceives very little liglit or no light at a 
dm mg its development glows feebly, and cannot, of coins 
cairy on cai bon -assimilation Moieovei, when a leaf 

shaded by anothei leaf being placed between it and tbe hgli 
veiy little assimilation ocems Hence we find that in maxi 
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plantfa tlie leaves tend to fit togetliei like the bits of glass in a 
mosaic 01 the tiles in a pavement, so as to avoid shading each 
otliei and to lose as little sunlight as possible Tins tendency 
IS easily seen in (1) plants 'whose leaves aie ciowded togethei 
and foini a losette close to the gionnd — eij Dais>, Hawk- 
weed, Plantain, Loudon Piide , (2) man}" plants with whoiled 
leaves — eg Woodiuft, (3j twigs of many tiees — eg Hoise 
Chestnut, Beech, Elm, Lime , (4) twngs of plants which cieep 
along a wall oi hank — e tj I\ y In Labiates (e g Dead- 
ISTettle) and Stiuging-Hettles the lower leaves have bioadei 
blades and longei stalks than the nppei ones 

Even when the ‘ mosaic’^ tendency is not at fiist glance 
appaieiit, caieful study of the plant in its habitat, oi home, 
will often show adaptations for efficient light-catchmg It 
must, of coiiise, be lemeinheied that the stiongest light does 
not, m this country, come fiom diiectly above, but at an 
angle, even when plants aie gi owing on level gioimd In 
studymg the plants dealt with in the latei chapteis of this 
hook, you should notice and tiy to account for the position, 
stalk-length, shape of blade, and other ai i angements of the 
leaves, lememheiiug that, besides the tendency to catch as 
much light as possible, the foi ms of leaves aie often influenced 
by othei causes — the necessity to withstand high winds, to 
caiiy away lam which falls on the blade, to catch the light 
when glowing in dense masses (e g glasses and plants glow- 
ing among them in flelds), etc 

This inteiestmg subject can only be studied by peisonal 
obseivation , any field, wood, liedgeiow, oi gaiden will afioid 
abundant inateiial to illustiate the points heie mentioned, 
and to bhow how the aiiangement and shapes of leaves help 
plants m the btiuggle foi light and au, which is keenebt 
wheie plants aie gi owing in ciowded fields oi hedge-iows 

171 Decay and Pall of the Leaf. — Leaves which fall 
befoie the vegetative season is ovei aie caducous, deciduous, 
if they fall at the end of each season, as in most cases of oui 
foi est tiees, i>e}sisteut, if they leinain on the plant for luoie 
than oue season, as m eveigieeus The leaves of such plants 
as Griasseb, Lihes, Iiises, etc , simply mtliei on the stem, hut 
in most tiees the fall of the leaf at the end of the vegetatne 
season is bi ought about by the plant itself When the 
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activity of siicli leaves is ueaily ovei, and they have been 
paitly emptied of the food-siihstances they contain, a layer of 
coili- tissue foims acioss the base of the leaf, and by mtei- 
posmg an impeimeable layei between leaf and stem, cuts off 
fiom the foiinei all supplies of water and mineral salts 

The exact stiuctuie and development of this absciss-layer 
cannot be fully gone mto heie, but what occuis in the actual 
** fall ” of the leaf is the splitting of this layei in such a way 
that the leaf only hangs on by the veins winch pass fiom it 
into the stem, and then these snap, leaving the scai of 
attachment of the leaf alieady healed and coveied with coik 
The piocess is a vital one due to the activity of the living 
plant, foi if a biancli is lulled by means of hot water the 
leaves withei upon it without being shed On the othei hand, 
leaves can be made to “ fall ” in summei by wiapping them m 
a clamp cloth 

Whenevei the plant lecpmes to thiow off certain oigans at 
a definite time (petals and otliei floial paits aftei fertihsa- 
tion, flints and seeds when iipenecl) it geneially malces use 
of similai absciss-layers 

172. Buds — Befoie the young stein branches, it is m 
most cases easy to see that between the base of each leaf 
and the uppei poitioii of the stem (i e in the axil of the leaf) 
there is a young bud ( aoiillao y bud oi side-bud), which may 
grow into a shoot beaimg leaves only, oi floweis only, oi both 
leaves and floweis The apex of the stem is usually occupied 
by a tei mined bud (end-bud) 

Ends appeal as little pi ominences on the outei surface of 
the stem, and aie pioduced by outei tissue, wheieassecondaiy 
loots aiise fiom within Each bud consists of a shoit “con- 
densed” stem in which the “intei nodes” aie undeveloped, 
so that the young leaves aie closely packed togethei The 
foimation oi a bud depends on the fact that the slowly 
glowing end of the shoot elongates less than the leaves which 
it has produced, and these bend over its tip and piotect it 
The apex of the stem of the bud is occupied by a gi owing- 
point, which glows and elongates when the bud opens , since 
it IS not exposed to fiiction against the soil, there is no need 
foi any such stiuctuie as the loot-cap, which coveis and 
protects the gi owing apex of the loot 
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173, Brussels Sprout — To get a good idea of biid- 
stiuctiue, fiibt e\aiiime some Biussels Spioiits 

(1) Pick off the leaves one by one, staitmg fioiu the 
outside, and note that each leaf has a small bud in its axil 
Ho^y do the mnei leaves diffei (in size, foim, textuie, coloui) 
fiom the ontei ones How may these clifteiences be accounted 
for 

(2) Slice down thiongh the middle of another spiout, and 
notice the conical end of the stem, with small outgrowths at 
itfe extieme tip, these outgiowths aie the youngest leaves 
Below these aie older leaves, giadually becoming distinctly 
divided into blade and stalk , lowei still come leaves whose 
blade is folded between the veins In the axil of each leaf is 
a small bud, leseniblmg a miniatuie spiout, some of these 
buds may be cut thiough in the slice (if not, make moie 
slices) Notice the stiino-s (veins oi vascular bundles) in 
the stem of the Spiout Sketch a good cleai longitudinal 
section, at least the natmal size 

(3) Cut a senes of cioss sections, beginning at the top of 
the Spiout and pioceedmg to the base, lay the sections out 
in 01 del, then compaie and sketch them 

(4) Set a Spiout with its cut end in red ink, and aftei a 
time cut slices and notice the bundles which extend nearly to 
the extieme tip of the stem and give oft branches to the leaves 
and buds 

(5) Eemove most of the laigei outei leaves, and notice 
that the iiinei ones soon become wilted if the sinout is set in 
a diy place 

(6) Weigh (a) an entiie sprout, (b) one fiom which all the 
laige oiitei leaves (which oveilap and piotect the young innei 
ones) have been removed , set both m a diy place, and in a 
few honis, oi a da}^, weigh again and compaie the loss in 
weight 111 the two cases 

Lettuces and Cabbages may be used in addition to Spi onts 
Why aie the iniiei leaves softei and hghtei -coloui ed than the 
outei leaves What othei difteiences do they sliow^ 

174. Winter-Buds (Besting-Buds). — In cold climates 
the buds formed at the close of the yeai do not develop at 
once, hilt leinain doimant aftei the leaves have fallen When 
a lesting-hnd is about to be foinied, the last foliage-leaves on 
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the shoot sometimes giow in the oidinaiy way, but the stem 
htops gi owing and these leaves enclose the young leaves 
fouiied lUbide the hud Naked lesting-buds of this kind 
ocGiii in heibaceous plants, then stiuctme being essentially 
like that of a Biussels Spiout, Lettuce, oi Cabbage 

In most woody plants, howevei, the bud is coveied by 
special scales (hicd-'^uileb) , each lepieseutmg a leaf oi pait of 
a leaf and being usually thick, haid, coilcy, gummy, lesmous, 
01 liaiiy, and these sCLdes piotect the delicate and sappy 
young leaves ivithm fiom in] my by lam and fiost, but 
especially fioin loss of watei In cold weathei the loots aie 





CONDUPLICATE 


F]g iS — Vcinatiun nf Lu^^C!3 
(In each ciho the ;)oniig Icat is cut tians^oihclj ) 


haidly able to absoib any moistuie fioin the soil, so that loss 
of watei at such a tune, when theie is little oi no tianspna- 
tion-cuiient flowing up in the stem, would he fatal to the 
young shoot inside the bud When a cold diy east wind 
comes aftei the buds hava expanded m sprmg, the young 
leaves aie often killed, wheieas an equally cold but moist 
westeilv wind haidly affects them 

The scales oi: lesting-biich may lepiesent whole leaves (Pin^et, Lilac), 
leaf-bases V ifchoiit sLalk oi blade (Sycanioie Hoi se Chestnut) stipules 
of leaves which develop a blade (Alder, Elm, Hazel), or stipules of 
leaves which do not develop a blade (Oak, Beech) 
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175 Folding (Vernation) of Young Leaves — To ensuie the 
close packing of the leaves in tlie bud each one I's usually idled up 
longitudinally f more laiely lolled ’ ' ’ t sometimes the 

leaves aie neaily flat, tg Prnet, 'I ^ • Dealing only 

vnth longitudinal folding, the leat ma}^ be siinph doubled on itself 
along the midiib (Fig 4 : 8 ^, tomhiplicate), oi it ma3^ be pleated so as to 
lesemble a fan {phutte), oi the edges of the leaf may be i oiled invaids 
[inoohUc) 01 outwards {'ievolitU)^ oi the leaf may he tolled up fioin one 
side, so that one leaf-mai gin is uithiii the coil and the othei out-iide 
[tonvoliUc] The young leaves aie coiidiiplieate in Cheiiy, Rose, Elrn, 
Ha 7 el, Oak, Lime, Ash, plicate in Maple, S3’‘eanioio, Bach, Beech, 
Iloinbeam , involute in Poplai, Apple, Peai (also m Violet) , ie-\olute 
in Plane and Rliododendton (also in Docks) , comolute in Plum 


176. The Opening of the Bud, — In spimg oi eaily 
snmmei the wintei-bucl le&umes its development The ^^onug 
shoot glows and lengthens, pushing aside the hud-scales, which 
then fall oft Since each scale leaves a scai on thelowei pait 
of the hud-axis and this pait leniains shoit, a senes of closely- 
set bcais 13 left on the btem A senes of hud-scale-scais 
(“giidle-scais”) is of couise seen at the base of each biancli, 
and hj examining a twig and noting these senes of scais we 
can easily tell how much the twig has giown each yeai, often 
foi many ^’■eais hack , latei on these maiks aie obliteiated by 
thefoimation of baik, but in smooth-baiked tiees (e y Beech) 
one can tiace the giowth hack foi twenty yeais oi even moie 
by these giidles of scais 

As the bud-axis elongates, the leaves glow in size and 
spiead Ihemselves out (the leaf- stalks of couise helping in 
this, if piesent), becoming spaced out on the young shoot 
Buds then appeal in the axils of the leaves, and these may 
eithei develop at once oi lemain donnant, some of them of 
couise becoming the lesting-huds foi nextyeai’s giowth 

It IS casil}^ imdQihtood vhj^ rdl of the axillaij'- buds do not usually 
develop into bianclies, foi if the^ did the foliage would be too clo’^eb^ 
packed togethei, and sufliciont light and an could not leacli all ot the 
blanches and leaves As we shall see la tei , ti ec^, di flei vci}^ much in tlieii 
mode of blanching and in the aiiangement of thou lea\os , thus in the 
Hoise Chestnut and tlie Beech the outei leaves aie deiiselj'' packed 
togethei, so that buds within the ciown of foliage have but little 
chance of developing into leafy Inanches, o'w mg to the small amount of 
light which leaches them In the Biich and Laich, liovevei, the 
foliage is moie open, and the buds neaiei to the stem lia\e peihaps as 
good a chance of developing as the buds at the tips of the blanches 
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Wheiievei any of the btaiiclies aie pinned away oi broken oft hj 
high winds oi by the weight of snow, buds develop mIucIi would otliei> 
wise have lemained doiinaiit, and m this way tiees aie able to lapidlj’' 
fill up gaps ill then canop^^ ot tohage So also pollaided willows soon 
toim a Clown of neiv shoots, and many of these aiiso tioin deep-seated 
buds, 01 fiom dchentiiious ones Tlie lattei aie buds which develop out 
of then noimal oidei, or without an}'' i elation to the leaves Adventi- 
tious buds may be toiraed not only upon the stem, but also on loots oi 
leaves Some Begonias aie aibihcially piopagated b} placing sliced 
leaves on damp soil , buds appeal on the wounded edges, strike root, 
and develop into new^ plantb Adventitious buds may appear on tlie 
roots of the Hawthorn, Dandelion, and othei plants, and may give use 
to leafy oi even floweiing shoots Foi e\^l-mple the loots of the Haw'’- 
thoin, it chopped into small pieces and coieied looseh wnth danixi soil, 
produce buds and ultimately new xilants Alost people aie familial 
with the fein-like shoots piodiiced when the top of a Caiiot (paitly 
stem, paitly loot) is cut ofi, scooped out, filled with w'atei, and hung 
up by stimgs , tiy tins simple cxpeiiment toi yoiu'^elf 

177. Sycamore (see Ait 892) ^ — Examine twigs at 
cbffeient times of the yeai, noting the aiiangeinent of the 
leaves, and theiefoie of the axillaiy buds, in crossed pans, 
foiming fom rows on the stem (Fig 49) The twigs aie, in 
the younger parts, giey-gieen to yellow-biowu in colom* and 
aie dotted with small lenticels The leaf-scais aie shallow, 
V-shaped, -wnth thiee slight piojectious (bund]e-scaif>) The 
buds aie egg-shaped, with foiii piojecting ridges owing to 
the hoat-like foini of the bud-scales The scales, wlncli aie 
aiianged in opposite paiis>, overlapping each othei legiilaily, 
aie gieemsh below and brown at the tips and aiound the 
edge The laige end-bud, which geneially has two small 
side-huds ]ust below it, fieqiientl)'' contains an infloiescence 
in addition to young fobage-leavos 

Dissect a bud, caiefully leinoung the paita and la3ung them out on 
a sheet of jiapci Note tliat tlieio aie six oi seven i^aiis of scales 
altogether, though only four or five xmns aie, as a lale, visilile on the 
outside ot the bud How" do the iniiei scales difiei tiom the outci ones 
in colouL andtextiue’ Examine the tips ot the scales do any show 
heie a small undeveloped leaf-blade, with tin ee oi five lobes ’ To wliat 

^ If you do not know these ticcs in then wnntei aspect, cut twngs 
and pub them into bottles oi jais ot watci and keep them in a w'aim 
loom , in many cases the buds will open, since waimtli hastens giow'th 
In tins w-ay you can stud}' very coiiveiiieTitly the unfolding ot buds 
(sketch the stages obsenecl) and at the same time identify unknown 
tiees 01 sliiubsby the leaves in many cases 
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pait of an ordinaiy foliage-leat — the leaf base or the leaf-stalk — does 
the bud-scale coirespond ^ Note the j’^oung foliage-lea\e& in the centre 
of the bud how many are there visible, and what portions ot the leaf 
are already developed’ Note the fan-like niauiiet in which the >oung 
leaf-blade is folded, try to cut out tiom a sheet of paper a model ot 
the joung blade Is the young leaf smooth and bare, oi has it any 
protective covering of hairs ’ 

Cut buds through, some loiigitudinall} and some tiaiisveisely, to see 
how the leaves inside are folded up 



Fig I'l — T\\ igs of b} uimoiQ and .Stages in Oponmg of Bud 



In spiing, notice how the buds swell up Make caieful obseivations 
on the opening of the brids It is possible to cause tlieni to open in 
winter by setting a cut twig in water and keeping it m a waini loom 
Notice how the inner scales, as well as the young foliage-leaves, expand 
and len, ’ ’ ide the outer scales, and how the young leaves 

unfold I buds open at end of Apiil or early in May 

Make notes and sketches of all the stages in tlie opening of the bud 
Note that the stalks of the young leaves, u Inch ha\ e hitheito been vei3 
short, rapidly" lengthen and can 3^ out the leaf-blades beyond the scales 
The lower part ot the stem of the bud hardl3' lengthens at all, so that 
when the hud-scales fall oh the3'' leave a number of crowded scars, 
^\hllc the upper part of the hud-axis grows out to for in a shoot, the 
leaves becoming spaced out (in pans) upon it 
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Now look backwards along the twig, to find the place wheie laat 
j^eai’s end-bud was how does this enable u& to see exactly how iniich 
the twig giew each ^eai, at least foi se^eial yeais back^^ Why is it 
that a seiiCh of these ‘‘ gild le- bears ” oi biid-scale-scais is alwaj’-s foiiiicl 
at the base of a side-twig, wdieie it joins the pai ent-twng ’ " Does a 
tw ig alw^a^^s grow equally" long, oi beai an ecpial niuiiber of foliage- 
lea\es, e\eiy yeai ’ In the case ot a hoiizontal blanch, which buds 
glow into the most \igoious (as legaids length ol btem and niimbei of 
leaves) twigs — the iippei ones, the lowei ones, oi those on the flanks ot 
the biantli-’ Why do 3011 siippo-^e the hoiizontal blanches cliflei in 
this lespect fiom those which aie eicct 01 neaily so’ If 3-011 lecall 
yoiu studies on the woik ot leaver, 3011 will pi obahly conclude that 
bglit 13 the clnet factoi concerned, but 3011 should stop and think 
the nuittei out It 3011 cut ofl a hniizoiiLal bianch and set it eiect m 
watei, how do the foiii lows ot buds beha^e aftei opening’ 

At wdiat time of yeai aie the lesling-buds fonned ^ Can 3mu see an3" 
tiace of them, 111 the a\ils of the new^ lea^es, just after tlie bud lias 
opened and the 3^oung shoot lias giowni out’ Notice how the buds 
glow in size diuiug the suminei 

Is it possible to cause the young buds to glow out at once instead of 
resting until ne\t spring’ Tiy the efiect ot pulling oQ: the leaves from 
a twig , the buds may tluis be caused to giow'- out a 3''eai befoie the 
pi Opel time Tins precocious glow tli ot buds is sometimes seen in the 
S5^caniore and &e\eial otliei trees, owing, m some cases at least, to 
external causes {eg a late pciiocl of wet weathei pieceded b\ a di3 
eail3" snnimei and iollow^ed by a mild autumn, 01 the eail3' dying ot 
leaves tiuough diy cold spnng winds, 01 attacks ot insect'^}, 01 siinply 
to excess of food, these '‘Lammas shoots” aie otten seen on Oaks, 
Beeches, Horse Chestnuts, etc In these cases lea\ es winch had 
ai rested then glow thin ordei to foim bud-scales lesimie giowth and 
become foliage leaves, bearing icsting buds in tlieii axils 

178. Horse Chestnut (see Ait 393) — The aiiangement 
of leaves and buds on the stem, and the general stinctuie of 
the buds, aie the same heie as in the Sycnmoie Tlie twigs 
(Fig 50) aie thick, smooth, giey 01 broW, with conspicuous 
leuticels The laige leaf-scais vaiy fiom being shield-shaped 
to lialf -moon-shaped, with scais of fioin five to nine bundles 
The uppermost bud is geneially larger than the others and 
contains a 5 "oung mfloiescence in addition to young leaves, 
hut the tine end-bud is often missing and lepiesented hy the 
saddle-like scar of the fallen mfloiescence 

The buds aie egg-sliaped, pointed, biowm, shiny, andsLiclq^ Remove 
the liai d coiicai e scales, which aie nioie 01 less cemented togetliei by 
the sticky substance Note the aiiangeraeiii of the scales in°)aiis, set 
at light angles to toim tom row s , the two lowest (outei most) scales are 
smallei than those ol the next pan, and these aie again smallei tlian 
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the third pair , then come two oi tJiiee paii^ of still laigei scales which 
covei the top ot the bud Witliin these we see a pau, oi two pairs, ot 
soft gieenish sticky scales, each often ha^ ing at its tip five little lolies , 
then come the foliage leaves, covei ed with down and folded up While 
dissecting the bud, keep dipping it into alcohol to make it less sticky 



Tig 50— Tuigs of Hoise Ohedbnut 


and easiei to examine How many young leaves aie MSible’ In the 
laige uppermost buds the axis is piolonged above the young leaves 
and beais numeious joimg floweis in tufts 

WJien the bud is about to open it sivolls up consideiably, then the 
scales become loosened, the innei scales grow up and bend outwaids, 
and the young leaves emeige wnth the leaflets (how many to each leaf O 
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erect, eacli lea6et being folded along the midub and the side-veins as 
Well As the leaf stalk lengthens (the leaflets aie sesbile on its end), 
the leaflets spiead open and bend dowiwaids Latei, the leaflets iibe 
up again and spiead out hoiizontally , meanwhile the stem of the hud 
lias been glow jii» m length The hud-bcales tall o3 , the white bans 
coveimg the leanets become biowmsh and fall aw ay 

Heie, as m tijycamoie, it is easy to see, ais the bud opens, that the 
stiuctiues Ijnng between the haul, e\teinally visible scales and the 
young foliage leaves are intei mediate in iiatui e between bud scales and 
ordinary lea\ es The buds usually open about the middle ot April 


179. Oak (see Ait 388) — Heie the leaves and buds aie 
arranged &mgly and spnally on the giey oi brown twigs 
(Fig 51) In passing iiom any leaf, oi bud, to the next one 
diiectly above it, we go twice loiind the twig and pass foui 



other leaves, oi buds, there aie theiefoie five lows of leaves, 
as can geneially be seen on looking along the twig The 
buds, which aie crow^ded at the tips of tlie twigs., aie blown, 
smooth, egg-shaped, and slightly five-angled The cluateimg 
of the buds towaids the tip of each twig is of couise siniplj^ 
due to the uppei leaves being clusteied in this way so as to 
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foim a losette The leaf-scais aie small and triangular, 
with niimeious bundle-scais , the lenticels are small 

Examine a liud and notice that it begins with a few tiny tluck scales 
at the base , then come about tuent}’’ thinnet hcales, ai tanged in hve 
lows and becoming raoie delicate, as x\ell as naiiowei, as thej^ pass 

inwaids Then come the yc „ h'bu _ h i - , the outer ones are very 

small, each being flat ancl i ui hiij i.-t n two stipules, while the 
inner ones aie laigei and folded along the michib (conduiilicate) , and 
finally come small ones again in the centie of the bud Caieful 
examination shows that the bud-scale&, aftei the two loivest, aie 
aiianged m pans , tins tact suggests that these scales aie stipules, ancl, 
ohseiMiig the opening ot the bud and also the waj'- in whioh the bud 
IS foimed, one can piove that this is the case Tow aids the end of 
the suramei the last leaf-stiuctuies to be foinied aie stipules, which 
become the outei bucl-scalefa The buds open in Ma;> 

As a lule, the lower lesting buds on a tivig lemain doimant, and do 
not open m the spiing of the yeai succeeding that in which the^^ aie 
foimcd The Oak ih a light lu\mg tioe ancl tends to ha\e its lea\es in 
losettes at the tips ot the blanches so as to catch a's much light as 
possible Taking the case of a complete flow^ei containing bud, as soon 
as the bud scaleis become loosened the male catkins, winch aiise in the 
axils of the uiipei bud-scales, glow out hist and hang clowniwaids, then 
come foliage leaves (each with a j^oung lestmg-bud in its axil), then 
leaves wnth gioups of female floweis lu then axils, and then again 
leaves with axillary buds 

180 . Scots Pine or “Scotch Pir ” (see Ait S??) — 
Each twTLg (Fig 52) shows, as a lule, an end-bud with a few 
(usually 3 oi 4) side-buds ]ust below it and foimmg an 
appaient whoil One oi more of the side-buds may be 
lefilaced by a seed-cone (Fig 52 b) The buds open about 
the middle ot May 

Examine a hud and note the i^ei^ numeioiis (100 ui moie) scales, 
covcied wnth wfiiitish lesin and aiiangecl spiially Eacli scale (except 
the lowest ones) beais in its axil a small bud, so tliat the lesting bud 
of a Fine IS clearly a ‘ compound bud” — a bud of Imds 'Jlie lo\vest 
scales (those without axillai} bucK) aie haul ancl remain at the base of 
the 3 -oung shout into wfinch the lestiiig bud glows Eacli of the othei 
scales is at fust giccn below and menilnanou-s above, v\ith pointed tip 
and tnnged edges, but when tlie ic“3ting-biicl opens the base ot the 
scale liaiclens and the uppei pait falls oil 

The axillai}'' buds on tlic compound ” i esting-bucl aie the buds of 
the chvaif slioots which me so cliaiacieiibtic ot Pines Each heais 
about ten scale-leaves w Incli foiin a sheath mound tw^o young foliage- 
leaves (“needles”), set lace to face 

When the lesiiiig bud imlolcls, the jrans of giccn needles emerge 
fioin the axils of the scales as the shoot glows out , the needles glow 
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m size, and the scaly slieatli peisists around the base of each two 
leaved dwaif -^hoot When the shoot stops gi owing in length, it shov s 
at the tip a terminal lesting-bud and a cuole of lateial i esting-biids 



A, " ’ 

Dviiil: feUoot 


Fig 52 — Scots Pino 

E, LongitiuUnal Sootion of End-Bud (a Side-Bud is shown 
0, Duigiam of Longitudinal Section of Bud , B, Young 


just below it, leady fot next jeai’s giowth The lateial lesting-bndb 
glow out just like tliG tciminal one, at first giowing uioie oi less 
paiallel with it, but latei bending away from it 


QUESTIONS ON CHAPTER VI 

1 What do you consider the essontial chaiactcis of the foliago 
leaves of a gieen plant, z e the chaiacteis in which all oi neaily all 
leaves you know agiee '' How aio tliesc tcatuies of leaves of scimcg 
to the plant ? 
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2 Mention the diffeieiit forms wliicJi may be as^jumed hy the 
stipules of plants Give one example of such, and state the special 
use of the stipules in each case 

3 How aie the leaves aiiayed on the twigs of a Hoise Chestnut (or 
a Sycamoie)’ Point out an^^ special adaptations ^^hlch bung about 
the full exposuie of the leaves to the light 

4 How would you distinguish a compound leaf {a) fiom a simple 
leaf, {h) from a bianch beaiing leaves’ 

5 Mention some leaves which show movements Of what use are 
the movements to the plant ’ 

6 How can you distingm&li by the aid of baih, buds, and geneial 
appeal ance between any six native Biitish tiees in wmtei ’ 

7 Deseiibe, with sketches, the stages seen in the opening ot a Horse 
Chestnut hud m spr mg 

S Why aie the buds of Scots Pine called compound buds’ Desciibe 
the stiuctuie and mode of opening ot a Pine bud, giving sketches 

9 Explain why one can tell hovv'’ much a Pine blanch has grown 
each 3 eai 

10 How can you tell the natiue of the bucbscalos in different tiees’ 
Giv^e examples 

11 How can you hadeii the opening of buds ’ Wliicli buds hav e \ ou 
succeeded in getting to open betoie they would have opened out of 
doois, and how long befoie in each case '' 

12 Desciibe, wnth sketches, the external appeal ance of a biancli ot 
Sycarnoie oi Hoise Chestnut, explaining all the teatuies shown 

13 Explain how^ one can tell liow^ much a .Sycarnoie oi Hoi se Chestnut 
blanch lias grown each ;yeai 

14 Describe a biancli of Oak as seen in wmtei Why do the buds 
tend to be crowded at the ti^i of the bianch’ 

15 Desciibe vaiious vv^ays m wdnoh the young leaves aie xuotected 
in the bud Why are thoj" usually folded up’ Give examples and 
sketclies 

lb Wliat kind of plant pioduce'^ Biussels Spiouts ' What are the 
sprouts, and in wdiat position do tlicy stand on the paient plant’ 

17 Desfiibe the buds of Laicli, and the w^ay in wdiich the^’’ untold 

IS Wh^ aie Willows and Poplais “ polled” 01 ‘^pollaided ” ’ What 
is the effect of Ihis opeiation on the giowLli of the tiee’ 
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10 Why do not aU the InKh on a tiee bianch open in spiing’ Why 
do some buds piodiice long .shoots and otheis A^eiy shoit ones ^ How 
could you make a -^hoit shoot (dwarf shoot) ot, sa}'’, Beecli grow into/i 
long shoot •' 

20 Hesciibe the stiuctuic of the 'winter -bud of one ot oui trees, and 
explain what happens in the spnng when it expands into a leafy 
shoot 

21 Make outline drawings of the leaves and describe the appearance 
of the balk of any five Britisli trees Mention the time of flo'weiing 
in each case 

22 Sketch, and bliortly desci ibe the leaves of the Oak and S'S'canioie 
Hou can these tv\o ^ely difieient shapes ot lea\es be accounted foi ’ 

23 What IS a stipule’ Describe the stix>iiles ot any foiii British 
plants, and explain then use in each case 
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THE aEOWTH OF EOOTS Am> STEMS. 

181. As we Lave seen, the gieen leaf makes oiganic food 
fiom tlie law mateiials wliicL it takes fioni the an and fiom 
the soil It also seives as the chief means by which the 
ail within the plant coniiiiiiuicates with the atmosjihere, and 
by which the gaseous exchanges concerned in lespiiation and 
tianspiiaiioii aie earned on These functions aie also cairied 
on by the otliei gieen paits of plants, e q b}" young stems, 
both in heibaceoiis and woody plants, since the imd (coitex) 
contains cliloioplasts, and the stomates (on herbaceous stems 
and the youngest paits of woody stems) oi lenticels (m older 
paits of woody stems) communicate between the an -spaces 
m the plant and the atmospheie outside 

We have alieady learned something about the giowth of 
loots and shoots fiom oiii woik on seedlings and on the 
nutiition of the gieen plant We may now take up the ques- 
tions on the giowth of loot and shoot laised in Ait 104 
It IS absolutely neeessaiy to giasp tlioioughly the mam facts 
in the nutiition of plants — above all, the work of the green 
leaf, which is ilie gieat fundamental piocess and which may 
be said to foim the key to the light understanding of the 
structuie and development of loot and shoot and all the 
varied foims and adaptations of the vegetative oigaiis 

^ 182. How to measure the Growth iix Iieiigth of Hoot 
and Stem — Seedlings of Bioad Beau, G-aiden Pea, and 
Seal let Eunner aie suitable foi expeiimentb on tbe giowth m 
length of loot and stem Place the seeds in damp sawdust with 
tlie seal dowiiwaids Eiinnei Beans aie especially useful foi 
nieasuieiuents of the giowth ol the stem 

151 
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'Wlien the root has giown about 2 inches long, dij its 
suiface caiefully, stiohmg it with tom bits of blottmg-papei, 
and with a fine brush maik it at inteivals of I inch, staiting 
at the tip, with dots oi tiansveise lines of Indian ink 

The stem of a Fiench oi Eunner Bean seedling should be 
maiked in the same way, staitmg at the point wheie the 
fiist pan of foliage-leaves stand on the stem and woiking 
downwaids , seedlings of Sunflower oi Mustaid may be 
used, the hypocotyl being maiked staiting fiom the coty- 
ledons 

* 183. Where does Growth in Length occur? — Pm a 

seedhng with maiked loot to the coik of a glass ]ai, exactly 
as in Fig 15 Examine from time to time and note the 
positions of the marks, aftei a few days, the maiks just 
behind the tip of the loot will be widely sepaiated, while 
those faither back have changed little, oi not at all, in 
position What conclusion can you draw fiom the lesults of 
expel iments like this ^ To what legion of the loot is giowth 
in length almost entiiely lestiicted^ 

A neat method of aiiangmg this expeiiment is to put the 
seedhng into a thistle-funnel and let the loot grow down the 
tube, the lattei is set in a jai of water, while the seed is 
coveied with some wet blotting -papei or cotton- wool This 
plan, allowing the roots to giow veiy long, gives sti iking 
pi oof of the fact that giowth in length chiefly occuis just 
behind the loot- tip An oidinaiy glass funnel may be used 
instead of a thistle-funnel 

Daily obseivations and measuienients of the hypocotyl 
of a Fiench Bean seedhng, oi the young shoot of a Runner 
seedhng, will show that in the stem, as m the loot, giowth 
in length is much moie vigoious just behind the tip than 
farthei back 

184. How the Young Hoot enters the Soil. — You 

have seen that the lOot end of the axis is the fiist pait of the 
young plant to emeige fiom the seed, and that on emeiging 
it glows downwards, in whatever position the seed has been 
placed Have you tiied the effect of moving the seed at 
this stage, and then tuinmg it ovei each time the loot has 
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cuived so as to be dnectecl do-\\Tiwaids P Have you noticed 
how, if a seed ib laid on film soil, root-haiis giow out and fix 
the loot to the soil, giving it a “pui chase,” so that it can 
push its tip down with gieatei foiceP Have you noticed 
how the lightei kinds of seeds are often laised up or turned 
over by the struggles of the loot to boie into the soil? 
Can the downwaid pushing power of the loot be measuied, 
say in a Bioad Bean seedling P 

* (ct) You have piobably used raeicmy in various expei iments, and 
know that it is a veiy Jieavy liqiiid (13| tunes heaviei than water) 
Fix a seedling (Bean, Pea, etc , should be tried) to the bide of a small 
dish containing meicuiy with a layei of w'atei above it, and see vhethei 
the root will grow down into the meiciuy The seeds may be pinned 
to a coik which is seciuely fixed to the iim of the dish {e g a, saucei) 
by making a slit in it and jamming it tightly on the iim , each seed 
should of coiiise be fixed by two pin^ 

{b) One method of roughly measiiimg the pushing ponei ot the loot 
IS to make it press a cork, oi a chain ot coiks, dowiivaids into vatei 
Cut a slit in a coik so that it can be fiimly fixed to the inn of a tall, 
naiiow jai oi a laige test tube, and to this coik pin a Bean seedling 
(with a loot about 2 ins long) so that its loot piojects into the mouth 
of the tube Then place in the tul^e a niimbei of coiks, one above 
anothei, of such size that they can mo^e fieely inside the tube, tlie 
low of coiks should be about half as long as the tube In the upper - 
most coik make a cavity foi the loot to press dovnwaids against, and 
pom some watei into the tube so that the root fits into this cavity 
Place a 'seitieal stiip of papei on the tube, on winch to iiiaik the 
position ot the lowest coik from day to cla-^ , and pot some wet cotton- 
wool oi blotting papei o\ ei the seedling to keep it moist 

Fach daj pom a little more watei into the tube (which should be 
fixed in the veitical position), and thub inciease tlie lesistance against 
Minch the loot has to push doivnw'aids \Yhen the loot seems unable 
to push the chain of coiks any taithei doun, maik the position of the 
bottom of the loudest coik, then take the seedling out and find ivliat 
weight (e r/ ot shot in a test tube) is leqmied to depiess the coiks 
to the maik By finding the diametei, and fiom this the aiea, of the 
loot just above the tip, }oii can calculate the piessuie of the doMn- 
groMing loot in giammes oi ounces pei sqiiaie centimetre oi square 
inch 

(c) Fix a young o that its root grows in a small tube 

filled Muth moist and place this tube within a larger 

one containing a spiiiig IMie root giov s dov nwaids "With a foice equal 
to over 300 giammes (about 11 oz ) , measiiie the diametei of the loot 
and calculate the foice it exeits per square ceiitimetie oi squaie 
incli 
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185, What mahes the Main Root grow downwards 
and the Main Stem upwards ’ — Most likely tins question 
would not have occmied to you at all, oi if it had you would 
piobahly have thought of anything hut the right answei or 
the light way to test the niattei It is cleai that the lOot 
does not simjoh/ heyid down hy its own lueiylit, like a lod of 
plastic niateiial, £oi it exei-ts great foice in its downwaid 
growth Besides, this “ explanation ” would not apply to the 
shoot, noi even to the side-ioots , the foiniei giows upwaids, 
the lattei giow away fioni the paient-ioot 

If the young lOot is placed lioi izontally, it soon begins to 
bend downwaids, the ciiivatuie taking place ]Ubt behind the 
gio-wing apex This cuivatuie is soon lendeied peinianent 
by the gio^vth and haideumg of the tissues affected, but a 
new terminal stiaight poition of the loot is soon foimed as 
giowth continues, and if this be again laid hoi izontally a 
downwaid cuivatuie is pioduced as befoie This cuivatuie 
IS due to the fact that gravity, the atti active foice which 
the eaith exeits on all bodies, acts as a stimulus upon the 
piotoplasni at the apex of the loot, and causes the g lowing 
legion to bend towaids the centie of the eaith 

The giovdli-cnivatuies by wlinli loot and shoot le^pond to 
the stiniuh ot giavity, light, moistme, etc , aie called tropic 
movements (Grieek tyojJOSj diiection) In most plants, the 
loot IS positively geotiopic, negatively heliotiopic, and posi- 
tively hydiotiopic, while the shoot is negatively geotiopic 
(lesponse to giavity), positively heliotiopic (lesponse to light), 
and negatively hydiotiopic (lesponse to moistuie) 

* (ft) That it IS not the action of tlie t^oil which causes tlic loot to giow 
downwards IS leadilj?’ sliovii, o q growing seedlings in moist an 
Choose a fev Bean seedlings vith btiaiglit loobs about 1| ms long 
1)13^ the loots geiit]5 113^ stroking witli pieces ot blobting-papet, and 
mark each ladicle at intei\als ot A in liy making tlalls^ eise lines with 
Indian ink, beginning at the tip Pin the seedlings to a piece of vood 
01 a coik, and inveit it o\ei a wide-mouthed jai Lontaining a little 
w'-atei Fix difleient seedlings wuth tlie ladicle pointing upwaids, 
downwaids, and lioiizontalb^ Fiom day to da3'‘ obsei\e and sketch 
the appeal ance of the seedlings, noting tlie diiectioii of giowth ot the 
shoot and the loot 

(h) C4iow Bean 01 Pea seedlings in yoiii box wuth a sloping glass 
front ^^Tlen the side-ioots have giovn out, maik on the glass the 
positions ot a tew of these also ot the mam loot, note especially the 
position oi the ^2^ of each 100b Then tilt the box up at an angle of 
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about 45°, and notice how (1) the mam loot and (2) the side loots 
change their direction of gioivtli how does the shoot behave ^ 

(c) What happens if a shoot, laid hoi izonttally , is fixed bO that it 
cannot curve upwards’ Lay a few Bean- seedlings on moist sa^idiist 
and keep the shoots down with a piece of thick glass, oi Jix them to a 
sheet of cork by means of ciossed pins, and set tiiein in moist an foi 
about SIX horn s Then lemove the glass or the pins the shoot will 
quickly bend iipwaids How can you explain this lesiilt ^ 

{d) Fit a Bean-shoot into a bottle oi tube of watei, using a bored or 
spilt cork and sealing -with plasticine, and let the shoot pioject lion- 
zontally Stick a pm or needle into the fiee end of the shoot and set 
up beside it a foot-iule , note the position of the nidex-pin on the 
scale After half an hoiii (the shoot will have made little oi no up- 
ward movement in that time), tnin the bottle loiind thiough 180°, 
taking cat 6 to keep the fiee end at the same point on the scale 
The shoot soon begins to cnne doiLnwmdSi then it conies to lest, 
and finally it cuives upiimds Now tiy to account foi these 
lesiilts Remembei that theie is an mtei val between (1) the tcption 
of the stimulus and (2) the visible made by the loot 


186, How does Moisture affect the Direction of 
Growth? — Is the mam loot bound to giow veitically down- 
waidfci in all cii cum stances, oi could it be induced to change 
its couise by some other stimulus We know that loots 
lequiie moistuie Would the mam loot leave its veitically 
downwaid couise m oidei to giow towaids a moistei pait of 
the soil ^ Would this be a useful thing for the loot ^ 

* (a) Lay a glass jar on its side (a jai witli flat sides is best) and put 
a sponge, soaked with watei, in the closed end Fit the jai witli a 
coik (boied vith a hole ioi \ entilation), and to tlie innei side of the 
coik fix a Pea oi Bean seedling by putting two pins thiough the cotj^- 
ledons Fix the coik so that the loot lies hoiizontally Does the loot 
bend and glow towaids the vet sponge, the shoot to v aids the mouth 
o± the jai ’ 

{h) Glow seeds in a box with a bottom ot wiie gau/e, and hang the 
box up 01 tilt It by putting a wood block undei one end The loots 
glow down thiough the gauze into the dry an, but the^’- soon cuive and 
glow upwaids again Why ^ 

(l) Take a tumblei oi jai about a quaitei filled -with watei, tie o^el 
it some muslin, and on it place some damp savdust vith se\eial 
soaked seeds, then mveit a laigei tumblei o\ei the v hole The loots 
on emeiging tiom the ^avdust do not turn back, but giov down in tlie 
damp an Compaie with {b) 

(d) In the middle of a box ol diy soil oi sawdust place a flow ei -pot, 
fiist iilugging the hole m it hy a coik Place some soaked seeds in the 
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sawdust aioimd the flowei pot, but do not watei e\cept by poiuing 
watei into the flow^ei-pot, and filling the latter up as the watei 
evaporates After a few days, gently pull up a seedling and see 
whether its loot has ciuved towards the pot 


187. How does Light affect the Direction of Growth? 

— Have you noticed the appeal auce of plants gi owing neai a 
window P The shoot giows towaids the light, the stem 
placing its axis paiallel with the direction of the light, "while 
the leaves place their sin faces at light angles to it 

* (a) Set some seedlings in siuli a po'aition that the light falls on tliem 
mainly fiom one side, and notice the effect this has on then slioots 
After marked bending has been observed, tiiiii the seedlings loiind and 
see wlietliei the shoots again respond to the “attraction” of light 

(b) Take the wide mouthed glass ]ai and cover it outside with black 
paper or cloth, leaving a naiiow vertical clunk on one side Tix a 
Bean seedling hoiizontally inside the jai, at light angles with the 
chink Does the loot bend, and does it bend towaids oi away fiom 
the light’ In what dnection does the shoot bend ^ 

(c) Pass the roots of genninated Cress, Radish, oi Lm&eed thiougli 
holes m mnslin tied ov er a tumhlei filled v itJi watei Set the tiimblei 
close to a window, oi m a ho\ uith a veitical slit in the side tinned 
to the light, 01 use a black sheet, as in the pieceding exiieriment 
Obseive the opposite directions in which loot and shoot glow 


188, How does Contact affect tlie Direction of 
Growth? — As w’’e shall see latei, some paits of plautb aie 
veij sensitive to contact, eg tendiils Has the loot tins 
kind of sensitiveness^ How does the g lowing young loot 
behave when it comes against an obstacle which it cannot 
push out of its w'-ay ^ Tiie root can foice itself thiough loose 
soil when young and soft, and when it giows old and Iiaid/ 
becoming thickei yeai by year, it can exeit enoimous piessiue 
against anything aioiind it 

* (a) To the iniiei side of the glas-r. in youi box with glass front fi\ 
with sealing wa\ small pieces ot wood, and plant seeds a little above 
these obstacles bTotice that the lOOts div^eige tiom then coiuse only 
so much as is absolutely necessary'’ to avoid the obstacles, and lesulue 
then oiiginal coiuse a*, soon as they liav’-e passed one 

{/;} Anothei method is to use a glass funnel filled with moist soil oi 
sawdust , plant the seeds close to the glass neai the top ot the funnel, 
and li\ the obstacles an incli oi iiioie below them 
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189. Test-Tube Experiments. — Foi demonstiatiou to a 
class, some of tliefoiegomg expeiimeuts may be duplicated by 
aiiangmg tbeiu on a small scale m test-tubes, wlucli aie handed 
louud the class The following will ^eive as examples — 

(a) Get a test-tube -witli a coik to fit, pin to the coik a Pea-seedling 
with a straight loot 2 ms long, put a stiip ot blotting-papei in the 
tube, and lun in watei to soak it Pix the seedling in the tube with 
its loot pointing to the closed end, and keep the tube in a veitical 
position, with the coi ked end uppei most 

{b) Fix a similai seedling in a tube, but keep the tube iineited, so 
that the loot points veitically npwaids 

(o) Get a similai seedling and tube, but witli a lazoi oi shaip knife 
cut ofi tlie extienie tip of the lOOt, and keep the tube in the same 
position as in {b) 


190. The Hoot-Tip a Sensitive Organ. — Fiom the 
foiegoiug expel imeuts it is cieai that the loot lesponds, by 
changing its diiection of giowth, to the influences or stimuli 
of moifatuie, light, and contact We have also seen that the 
mam loots always giow veitically downwaids, towaids the 
centie of the eaith, except when deflected fiom this diiection 
by one of tlie stimuli ]ust mentioned It will be noticed that 
the shoot of a beedlmg glows towaids light and away fiom 
moistuie, its lesponses to these stimnli being the opposite of 
those made by the mam loot The foice of giavity also has 
a stimulating effect on the giowth of lOot a,nd shoot , the loot 
lesponda by gi owing down in the diiection of tlie foice, the 
stem by gioAving up in the opposite diiection 

That these opposite tendencies ot loot and stem aie to 
be asciibed to giavity has been detei mined by expeiiment 
Theie is a machine called the cliiiostat, consisting essentially 
of a plate mounted on a hoiizontal axis, and theietoie lotatmg 
veitically A plant is attached lio)v/ontaUi} to the plate, and 
the axis is lotated slowly — a i evolution in fioni 15 to 30 
minutes A little lefleciion will show that the influence of 
giavity IS eliminated Stem and loot simply continue to 
glow stiaight onwaids in whatevei diiection they have been 
placed at the beginning ot the expeiiment 

Anothei expeiiment is to attach a plant to the edge of a 
wheel which lotates lapidly and veitically Here another 
foice — centiifugal foice — comes into play If the Opposite 
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tendencies of loot and stem aie to Le asciibed to giavity, we 
slionld expect smiilLii tendencies to be exhibited iindei the 
action of centiifugal foice Tins is the case , m seedlings 
fixed to the veitically revolving -wheel, the loots bend away 
fiom the centie of the wheel and giow stiaight out in the 
diiection of the ladms, while the stems glow stiaight m 
towaids the ceutie of the wheel. 

What will happen if the wheel levolves lio) izoiitally Two 
foices now act on the plant, the centiifiigal foice and that 
of giavity, and the root bends obliquely oiitwaids, the stem 
obliquely inwaids 

Side-ioots aie but little sensitive to giavity , they giow out 
from the paient loot, each growing in a definite diiection 
If the giovdih of a side-ioot is towaids, say, the east, and it is 
inteiiupted by a stone, as soon as the loot has i cached the 
edge of the stone it will resume its eastwaid diiection of 
giowth The blanches of the side-ioots, again, giow away 
from these, and may theiefoie grow in a downwaid, oi 
hoiizontal, oi even upwaid diiection 

We have also found by expeiiments that the atti action- 
stimulus of giavity may, even in the case of a mam lOot, be 
oveicome by the ‘‘atti action '’-stimulus of moistiue oi by the 
' lepulsion ’’-stimulus of light, while contact with an obstacle 
like a stone causeb the loot to change its diiection of giowth 
foi a time, though it lesumes tins diiection as soon as it 
leachtis the edge of the obstacle It is cleai, theiefoie, that 
the loot IS a sensitive oigan, its sensitiveness oi “ iiiitability ” 
being muuli the same as that of an animal 

It IS veiy iinpoitant to undei stand that geotiopism and 
otliei foims of iiiitabihty m plants answei to the vaiious 
hinds of semation m animals, and also to tiy to see the 'leasoii 
foi each lesponse made by each part of a plant to each hind 
of stimulus fiom outside it It }oii have earned out the 
piecedmg expeiiments, stop heie and thmh out foi }omself 
^uhlJ — i er to what advantage — the main loot of a bean oi pea 
(oi othei plant you have woiked with) giows downwaids, 
why it glows towaids moistiue, why it glows awmy fioni light, 
why a loot turns oft on meeting an obstacle and*^ goes on its 
foimei couise attei geitiug to the obstacle's edge, why a 
bianch-ioot glows away fiom its paient-ioot In each case 
lemembei the two gieat f mictions of the root (what aie 
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tliese^) and tlie need foi tlie loot- system to exploie the soil 
tlioiouglily and to come into contact with as much soil as 
possible, in oidei to do its woih effiuently 

The fact that the removal of the lOot-tip destioys the 
powei of the loot to lespond to the btimiih of gituitv, etc , 
goes fai to piove that this is the sensitive i eg ion of the 
loot, but such expel iinentb aie not conclusive, because 
cuivatuies due to the in] my usually take place, the loot 
sometimes foims a new tip, and then lesponds as befoie 
The fact that the loot-tip alone is sensitive to the stimulus 
of giavity has been shown by the following method — 
Seedlings of Bioad Beau aie rotated on a clinostat and 
their loots caused to grow into small L-shaped glass tubes, 
open at one end, so that the loot is shaiply bent at about 
3 ^ in fiom its tip They aie then placed in vaiious posi- 
tions, each having this small glasb boot on its loot If the tip 
IS veitical and the basal pait of the loot hoiizontal (n), no 
cuiL'citine tales ^jlace — the ladicle glows in the hoiizontal 
diiection If the tip is hoiizontal (L), the vmtical pait of 
the loot outside of the tube bends until the tip of the luot is 
bi ought into the veitical position 


191. Regions of the Root. — Fiom youi observations on 
the giowtli of loots, it will be evident that the luciease in 
length of a loot is almost entiiely due to the elongation of 
the legion lying a shoit distance behind the loot-tip, also 
that loot-haiib only aiise wheie the loot has ceased to 
lengthen, and that Inanches only aiise still faithei back 
{lohy do not loot-haiis and blanches aiise wheie the loot is 
still glowing in length?). The following legions may be 
distinguished in a loot — (1) gi owing-point, coveiecl by 
loot-cap , (2) elongating i eg ion , (3) i eg ion beaiiug loot-liaiis , 
(4) thickening legion, which may beai blanches (lootlets) 


192. How IS the Root-Tip protected against injiuy as 
the loot pushes its way into the soil 

A little behind the actual tip ol the loot lies the gi owing- 
point, which IS coveied and protected by the loot-cap The 
growing-point consists ot cells which aie constantly dividing, 
glowing aftei each divihiun, then dividing again, so as to 
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pioduce new cells Most of these cells go to foim the mam 
mass of the loot, but those foimed towaids the tip of the 
loot add to the loot-cap The loot- tap is, theietoie, tou- 
tmually lenewed fiom within as it weais away outside, 
eompaie with this the wa}^ m which one’s skin is lenewed 
The onwaid giowth of the loot is due to the foimation 
of new cells at the glo^\^^ug-polnt and to then elongation 
(and fuithei division) behind the gi owing-point The gi ow- 
ing-point IS not only the factoiy wheie new cells aie made , 
it IS also the sensitive pait ot the loot, which alone can pei- 
ceive the stimuli of gravitation, etc , and by sending them 
on to the legion behind t.ause the bending movements 



Fig f>3 — Rout Tip, in SoLtion, magmfieil 


Examine witli the micio&cope the loots of any snialKeecllings (Ciess, 
Miistaid, Wheat) mounted in vatei on a slide Focus on the upper 
suiface, and notice the oiitei layei of cells (&Um-lLi}er oi epideiims) 
immediately behind the extieiiie tip Sketch pait of this, then focus 
deepei so as to get an “optical section” of the grov ing-poiiit, and try 
to make out the tissues as shown m Fig 53, the loot-cap coveiing the 
deiifaei layeis of cells vhich loim the giov-ing-pomt, and which 
gi ad ii ally pass backii aids into the central cylindei, the iind (coitex), 
and the epidermis 

Trace the origin of root-hairs, each of vliich is a long slendei tube, 
closed at the free end , each haii aii&es as an oiit-grovtli from a single 
cell of the skin-la3fei FaiLhei helimcl the root tip the root hairs aie 
longer, but thej” are absent tioin the oldest paits of the root — i e those 
nearest the stem Crush a loot b^^ pressing it under the co\er-glass. 
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and obs.eive the vessels in the cential cylindei , some vessels have a 
spiial libie coiled iiibide them, otheis show small spots (pits), which 
aie thin places in the wall Notice also the laige cells of the rind 
(cortev) Tiy to find the begiiuiini^s of side-ioots and difieient stages 
in then giowth. 


193, The Conducting Channels of the Stem, — Fiom 
youi study of tlie fimctious of tlie leaf you should be able to 
diaw some conclusions i eg aiding those of the stem Some 
fuithei expel iments will give additional infoiinatiou about 
the pait played by the stem in the piocess of tianspuation 

^ (<7/) Place whole plants,, oi seedlings, oi cut twigs, into water 
colouied with led ink, set them wlieie the conditions aie favouiable 
tor tianspuation, and aftei an lioiii oi so cut acioss the loot and stem 
at vanous points It the colouied v atei ha's iiseu in the tiace it 
upvaids by means ot successive cuts, then leplace the plant in the 
liquid, and atter a time notice its appeal ance in the leaves, as shown 
by tlie colouiing of the veins Note that in the loot the stained veins 
aie at the ceiitie 

[h) Make thin cio&s sections and longitiichnal sections of these 
plants In most cases notice that the bundles aic aiianged m a single 
img , this ai i angement is found in ii ‘ V In Glasses, 

Lilies, and othei }^Ionocot 3 dedons the I will be seen 

to be scatteied thiough the stem Notice tliat in most cases only 
the innei pait of eaeli bundle is stained In Vegetable Maiiow oi 
Cuciimliei the bundles aie in a double iing, and heie the central pait 
of each bundle is stained 

(c) Place a twig of a tiee — c q Oak, Beech, Elm, oi any other haicl 
woody plant — in the colouied watei, and when the leat veins become 
colouied cut acioss the stem, staibing in this case at the top wheie the 
stem IS sott and gieen At the top notice that the bundles aie sepaiate , 
but as we pass downwaids, making successive cuts, the bundles appear 
to tiise and foim a continuous iing 

(c?) Cut tw o twngs of a w^ood^^ plant — e q Willow — about ecpial as 
regaids length and the niimbei of leaves Cut lound one of the tw igs, 
a feiv inches fioin the loAvei end, as fai in as the haid woody pait, 
and lemcne tiom the lo\vei pait of the stem the ^vh(Jle ot the sottoutei 
ti'^suc Leave the othei tw ig luiinjuied, and set both twigs into led 
ink Notice that the lemoval of the oiitei tissue makes little oi no 
dilfeience as legards the use of the icd mk in the stein and its appeal - 
ance in the veins of the lea\ es 

The foiegomg expeiiments show (1) that one function of 
the stem is to cany watei fioni the loots to the uppei paits 
of the plant, and (2) that the water tiavels tlirongh the 
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inner poition of eacli bundle 'when the bimdleb aie sepaiate 
and tliiougli tbe liaid woody part of a stem wlien the bundles 
aie joined to foim a continuous cylindei 

Since only the gieen paits of a plant (in most cases, the 
fohage-leaves) can manufacture oiganic food foi theinselTes, 
they must supply with some ot this food all the other parts, 
which cannot carry on photosynthesis Hence there must be 
some channels for conveying the leaf -made food to the roots, 
buds, and other parts which aie eithei growing or storing 
up food as a reserve for fntuie giowdh Through what 
channels do the organic substances produced m the leaves 
travel to other parts of the plant ^ If these also travel along 
the bundles, they must pass through the soft outer tissue m 
the case of a woody btem , and in that of a fc>tein, with 
separate bundles, these substances must 
pass eitliei through the part of each 
bundle w^hich was not stained by the led 
ink or else thi ough the other tissue of the 

stem, 01 by both routes 
Befoie cousideiing this question, we 

must know more about the stiiictme of 
the stem , but the following expei iments 
will give a clue as to the paths by which 
the leaf-maniifactmed food tiaveh 

(/) Place a Bean seedling oi a Gaiden Nas- 
tiutuim (tiy Veil ions otliei plants) in daikness for 
a few days, tlien lemove some leaves and test 
them tor siigai by boiling them in Feldmg’s 
solution Theie will be little oi no led coloia- 

tion, shoving that sngai is alisent, oi neaily so 
Expose the plant to sunlight foi seveial horns, 

then place it in daikness (aftei liaving testecl 
some leaves, oi paits of lea\es, lorstaich), and 
attei a time test some leaies for sugar, which 
will be indicated by the red eoloiii pioduced 
F]g 54 — A Ringud aioniicl the \eins It the piesenceof sngai is 
Biancii of a Willow detected in this w in the leaf-blade, test 
fiiaoutiag in Watei sections of the leat-stalk at difieient levels, 
to find out by wliat paths the sugar tiavels 
towaids the stem Also test sections of 
the stem itself using Fehliiig’i, test, wo find tliat the sngai travels 
in the leaf itself along the tissue suiiounding the veins (bundles), and 
in the stem it is to be found iii the giouRcl tissue in wdnch the bundles 
aie embedded. 
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(ff) Make two cuts lound tlie lowei paifc of a Willow twig, about an 
inch apait, and ieino\^e the soft outei tissue of the stem between 
these cuts, so as to leave onlj the hard w^oody poition of the stem 
foi this distance Then set the twig in w^atei (which should be 
changed every day) oi in ciiltnie-sulution, and notice that it begins 
to spiout aftei a feAv days (Fig 54) Below the injuiy the cleAelop- 
ment of buds and new^ lOots takes place but slowl’v, wbeieas above 
it new' loots aie lapidlv foinied and nomished hy toad conveyed tioiu 
the upper paits of the bianch by the tissue lying on the outei side of 
the wood This expeiinient usually succeeds bcbt in spiing oi eail^" 
siimmei Latei in the jeai it is advisable to lemove the leaies in 
01 del to dimmish the loss ot w^atei, since theie aie no loots on the 
cutting to keep up the supply of watei The lapid cle\ elopment of 
buds and the foiniabion of lOOts abo^e the ringed pait show that tood 
passes doAvn chiefly thioiigh tlie soft outei legion of the stem 

194, Chief Punctions of the Stem. — The leaves must 
he exposed to air and light in oidei to caiiy on then woik of 
food-making, and in tins woik they leqiiiie supplies of watei 
containing dissolved salts The food made h} the leaves has 
to be earned to otliei paits of the plant w^hich aie living and 
growaug 01 acting as stoiage-oigans The loots, having no 
chloiophylland not being exposed to light, cannot, of coiiise, 
call}’’ on photosynthesis, and must theiefoie be supplied with 
01 game food made in the leaves 

Eioni these consideiations, and fiom the lessults of oui 
simple expel iments, it is cleai that the ordinal y functions of 
a stem aie (1) to beai the leaves and help in spieading them 
out to light and an , (2) to convey Avatei with dissolved 
salts fiom the loots to leaves and othei paits of the 
shoot, (3) to caiiy oiganic food fiom the leaves to othei 
paits These aie the piimaiy functions of the ordinal y 
stem, hnt in addition to this stems often have to take on 
special functions Thus they may seive as oigaus of vegeta- 
tive propagation, as stoi e-places of nouiisliment, etc 


195. Structure of the Stem. — In Dicotyledons, both in 
heihaceoiis stems and in woody stems when young, isolated 
bundles run thiougli the stem, toiniiug a hollow cylmclei (a 
ling, as seen m cioss section) In Monocotyledons the 
bundles aie scatteied thiough the gionnd- tissue of the 
stem This is because in the foimer case the bundles (veins) 
which inn into the stem from the leaves remain neai the 
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smface, ultimately bundles fioiu otbei leaves and 

mci easing in size, wbeieas in Monocotyledons the bundles 
fiom each leaf iim deep into the stem and cuive outwaids 
lowei down, tapei mg away as they do so Hence the bundles 
on the outside of a tiansveise section aie in this case smaller 
than the cential ones, wheieas in the DiGot 3 dedon the smallei 
bundles alternate with the largei ones (Pigs 55, 56) 



Fig 55 — Lougitiidmiil 
OouitaC ot the BuulUlb 
in i Muuocotileilouous 
HtPni 



Fig 'iG —Cuurfie of tlio 
BunilLs 111 Stem of a 
Dicot.Yki.loii 


It IS impoitaiit to leahse that the bundles in the stem 
aie continuous with the veins of the leaveb on one hand and 
with the veins in the vascular cylinder of the lOot on the other 

[a) Soak the stem of a Bioacl Bean oi Dead Nettle (ti^^ oLliei 
heihaceous Dicotyledons) fui two da’^-^ in dilute potash, and then toi 
tvo days in dilate nitiic acid Biubh and sciape away^ the softei 
paitb, leaMntj a skeleton of the vasciilai ti'^sue Note the wa3^ iii winch 
the bundles tioni the iippci leaves join on to tlioso of the lovei leaves 

{h) Another inetliod of sliov ing that the vasciilai handles (vems) of 
tlie leat aie continaoiis witli thoisc in the stein is to cut thick longitu- 
dinal slices tlnougli the stein and the bases of the leaves, and place the 
slices in caustic potash 
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(c) To ob<5cive tlie continuity between the bundle'^ of the stem 
and those ot the loot, split a }3eau seedling loiigitiidiiialLj" in the 
pait ulieie stem and i oot meet, and ti eat with caustic potash oi aniline 
cliloude solution^ , the foimoi makes the soft tissue tianspaient, the 
lattei stains the haul wood;^ tibsiio 3 ^elloM 

196. The Vegetable Marrow (oi the Cucumbei) ib a 
suitable plant in wliicli to study the tissues of the stem 

* («) Cut aciObS the middle of seveial inteinodes ” in the oldei paits 
of the shoot, and in each piece tlnis obtained notice that (1) the “node'’ 
gives oft a leaf, a special climhing oigan (tendiil), and usually eitliei a 
leaf 3 ’^ branch 01 a floweimg biancli, or botli , (2) the iiitei node is hollow, 
so that the stem toiins a tube, with (ii3uall30 fiv’'e iidges, and fiuiows 
alter natmg with these, (3) the bundles (usuallj^ ten) aie aiianged. in 
two lings (a small outei bundle to each iidge, a laigei innci one to 
each fuiiow) 

(b) Sciape gentlj" tlie niitei siuface ol the stem, and leinov^'e pait of 
the epideiniis oi skin, v\ hicli is thin and coloiii less and beai^. bans, some 
ot them huge and piickl} Notice the soit tissue v\hich lies betw^een 
the bundlc'i , this is the giound tissue (pa/ f nc/i^ma), and its cells can 
easil}^ be seen vvnth a leii'^ Attei lemov'iiig the epideiiiiis, sciape away 
the soft tH'iiie which lies lieloiv it, and notice tlie liaid tissue, which 
forms a wav^j’’ tube aiound the stem, outside of the bundles Slit a 
piece of slcni by twm longitudinal cuts, and bj^ sli aping isolate a stiip 
ot tins liaid tissue (bclu enchyma) Bend it, pull it by tlie two ends, 
and ti 3 ^ to split it, notice tliat it is ea&il 3 ^ split longitiidinall 3 % bub 
IS difticiilt to bicak by pulling at the ends Tins liaid tissue, then, is 
fibious, v^ei 3 '’ stioiig, and it gives mechanical support to the stem , it is 
leall}'- a part ot tlie giound-tissiie, vihicli has become ftbious and haid 

(c) Now’’ examine the bundles wliicli are embedded in the sotb 

giouTid-ti'ssue within the sheatli oi tube oi liaid tissue Notice in 
cacli bundle (1) a whitish haul poiLioii, eonsisting cliieftv’- ot tubes ot 
vuuious si/cs, and occup 3 mg tlie centre ot the bundle , (2) twogieenish 
solt portions on the iiiucr and outei sides ot Uie hard ])oition Place a 
piece ot tlie living shoot with its cut 'I • ;0 led ink, and 

notice tliat tlie ink uses in the middle bundle This 

poi lion IS tlie r/oud, and the tubes it contains aie tlie wdiich 

caii 3 ^ WMtei upwaids fiom the loot Split a long jiiece of stem so as 
to get a strip eontaiiniig a single bundle , put one end into a glass ot 
watei and blow tluoiigli tlie othei, noting tlio an w'-hich escapes ni 
bubble's attei passing tliiuiigh the vessels This shows that the vessels 
aie long, open tubes 

' Dissolve some aniline cliloiide (about IJd per ounce) in a little 
aleoliol, add water to make a 10 solution, tlicn a little li 3 '-diochloiic 
acid A vionden match, oi a splintci of v\ood, tiiiiis blight yellow^ 
attei being dipped into the suhition, vdiicli gives a iead 3 ' test foi 
woody substance (lnj)nn) 
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{d) Next cut aciosfa a piece ot fiesh stem with a diy knife oi lazoi, 
and notice the juice i^liich oozes out of the sott gieemsli outei and 
innei poitions of each biuiclle These poibions aie the hu&t,^ and they 
also consist cluefly of tube's , but the bast- tubes, instead of cariying 
watei up the stem as the wood-tulies (vessels) do, can 3 otgamc food- 
substanees fiom the leaves to othei paits ot the plant Notice that 
the juice which oozes out ot the bast tubes ib tliickei than watei , 
collect some ot it, place it 011 a glass slide, and test it (1) foi staich, 
(2) foi pioteids, ( 3 ) foi sugai To test for (1) and (2) add a chop ot 
iodine solution , toi ( 3 ) place some Pehling’s solution on the slide wuth 
the juice and w'aim it, oi collect enough juice to place in a test-tube 
and heat with some Tehhng’s solution 

(e) In sections tliioiigh tlie youngest parts of the Mai row stem, 
notice that the gioiind- tissue is complete light acioss the stern, the 
oaMt}’' found in the oldei paits is tunned by the eential legioii ot 
giouncl-tissue (pith) becoming fconi as the stein glows thicker Also 
notice that the w’ood contains only the nanow spiial and nnged vessels, 
and that the collenchyma and scleienchyma aie not yet distinguished 
shaiply fiorn the oidinai}^ giound-bissiie 

197 Sunflower Stem — Cut tiansveise and longitudinal sections 
of stem ot Sundow'ei, and comxiaie its stnietuie -with that ot the 
ManoNy stem (see Fig 57 ) In tlie Suiiflowei the stem is cjdindiical, 
not tiuiowed , the cential gioiind-tiSMie does not l^ecome loin to foim 
a ca\it3 , the haicl tissue (scleienclijuna) is in sepaiate stiaiids, one 
immediately^ outside the bast of e.icli of the laigei bundles In an old 
stem, notice that theie is a contiiniou'i layei ot wood, wnbli a comxilete 
lay^ei of giow^ing tissue (cambium) on its outer side 

198 Maize Stem — (a) Cut tiansveise sections of stem of Maize 
Notice that the Inmdlos, although “scatteied” thiough the giound- 
ti'ssue, aie most ciowded tow aids the outside, and that in each bundle 
tlie baht tilde points low^atcls the cpidcimis and the w^ood side towaids 
the centie ot the stem In thin sections stained wuth aniline chloiidc, 
notice (1) the epideniiiti of small thick walled cells , (2) the naiowband 
of scleienchyma below tlie epideimis, ( 3 ) the oulinaiy'- giound-tissue 
(paienchyina) of large tlim walled cells, sepaiatcd by an spaces at the 
coineis , (4) the \aseulai bundles, each with a sheath ot scleicii- 
cliymia 

In a single bundle, notice the tom conspicuous vessels airaiiged like 
a V> Q Q 

O 

O 

with naiiow^ei vessels lynng betw^een , the patch of cleai -looking tissue 

^ The Mauow, Ciiciimbei, and some othei plants aie exceptional 
in having liast on tlie innei side ot the wood as well as on the outci 
side 111 mubt stems the hast occuis only on the outer side ot the 
w^ood The hast-tiibes aie called {^tcrc-tiLhLb, because they^ aie lufcci- 
rupbecl by' cioss-wmlls wdneh aie peifoiated like a sieve {sicoe-platcs) 



167 


THE GEOWTH OE EOOTS AHD STEMS 


(bast) lying pai tly jetween the two laigei vesseL , and the moie or 
less complete sheath of hlnes aioimcl the bundle The lau^ei wood^ 
j-e^^selsaie pitted the snuillei ones have iings oi spual tluckenings 
Ihe btist, ^\hlch stands out distinctly in sections tieated witli 
aniline chloude {its Avails being of cellulose and theieloie not stained), 



SIEVE TUBES 


Fig 07 — Ti uih\oihO (ni)ijoi) LongiUidinal (lonei) Sectiunri ot Put uf a 
t'siuiilowei btoin 


consists ot aieve-tubes alteinating legulaily with naiioAA cells (coui- 
piXnion cells), but the tubes aie iiaiiow and lathoi dilficult to make 
out clcaily Compaie the iclatiie amounts ot scleiencli^nna and of 
Auseiilar tissue (wood and bast) in bundles in cliQeient paits ot the 
section It IS easy to bcc that the liaid tissue (stained yelloAv amUi 
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ainlme cliloiide) is moie sfcioiigl^^ deyelopcd towards the outside of tl 
stem 

In many ]\IonoGotyleclon stems the outei bundles aie embedded in 
layei of liaid tissue "u Inch foims a complete tube, this is well shoiv 
in shiubbj’' plants like Butchei’s Biooin and Aspaiagus Cut sectioi 
of the steins of these and of othei Monocotyledons, also of the flowe 
mg steins of Lily, Hyacinth, etc In all cases the bundles aie iiioi 
ciowded towaids the outside, and the haid tissue is developed as 
layei m the outei pait of the gioiind-ti'^siie In the eiect stems < 
Monocotyledons, Iheiefore, the ‘ skeleton” oi siqiiioiting tissue 
disposed in the foim ot a tube, m ‘spite of the “scatteied” airang« 
ruents of the bundles 

{h) Cut longitudinal sections of the Maize stem (oi those of otlit 
Monocotyledons), and notice the course of tlie hiindle-^ Tin's ca 
easily- be done by cutting tliick sections passing thiough the bases ( 
seveial leaves and placing them in caustic potash foi some time I 
these plants, and in most othei Monocotyledons, the lea%es ha\e 
bioad inseition, and tioni them a nuinbei ot bundles can be tiaced int 
them Then downward couise m the stem is not parallel to tlie siu 
face, but curved They hist iim obliquely downuaids towaids tb 
centie and then bend outwaids again tow'“aids the surface Aftc 
lumiing tluough one oi Wo inteinodes, the3^ join on to bundles passin 
in from othei leaves Hence at all le\el& w^e ha\e bundles situated i 
varying depths m the giouiid-tissue, and so the tiansveise section ( 
the stem shout's a “scattered” aiiangement ot the bundles 

199. Tissues of the Herbaceous Stem. — Pioiii the foie 
going "woik on btem-&tiuctiue it is evident that the tissues o 
a lieibaceoiis stem (and the young paits of a woody stem) ar 
of tliiee hinds (1) epideimis, (2) giound- tissue, (3) vasciila 
tisane (wood and bast) 

(1) The epideiims consists of a single layei of cells, witl 
thickened oiitei walls (cuticle), and beais stoinates and oftei 
haiis It agiees closely with the epideimis coveimg the leal 
and IS continuous with it 

(2) The gioimd-tissue cousists mainly of tliin-walled cells 
those m the centie ot the stem often becoming diied up an< 
torn asimdei, while those in the legions between and on tli 
outer side of the bundles have Vtiiious impoitant fiiiictiong 
The cells in the outer legion (coitex) usually contain chloio 
plasts, and aie supplied with air which eiiteis by the stoinate 
and tiaveises the spaces hetween the coitex-cells , these cell 
aie theiefoie, like the cells of the gi ound-tissue (inesophyll 
of the leaf, able to make oiganic substance by pihotosynthcsis 
The outei most coitical cells often become thick- walled, am 
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foim siippoitmg tissue (collencliyiaa) winch difteib fioai 
oidmaiy liaid tissue m coiisistiug of living cells 

The grouiid-tissue is aKo modified in places to foim scleieu- 
cli}ma, consisting of thiclc- walled woody fibies, which contain 
no living substance but only watei, and which, theiefoie, sei ve 
a puiely mechanical function The scleiencli^ma is found 
outside of the bundles, either foimmg ( 1 ) a complete tube 
aiound the whole stem, oi ( 2 ) a stiancl on the outei side of 
each vasGulai bundle, or ( 3 ) a sheath around each bundle 
(what plants afiorcl examples of these thiee aiiangements P) 
The scleienchyma of the stem is continued into the leaf, 
wheie it usually foims a suppoitmg band below each chief 
vein or above it or in both positions The ground- tissue also 
selves for the conduction ot sugai fiom the leaf, and for the 
stoi age of stai ch In Dicotyledons the new sti ips of camhitim, 
winch aie lerpuied to foim a complete iing of gi owing tibsue 
aiouucl the stem, aie foiinecl in the legioiis of gioimd- tissue 
(lays) wliicli he between the vasculai bundles 

( 3 ) The most impoitant stiuctuies in the wood and the 
hast aie the wood- vessels and the sieve- tubes , the foiniei 
seive to caiiy water upwaids from the lOots, the lattei to 
caiiy 01 game substance, especially pioteids, to the growing 
paits of shoot and loot The wood serves also as mechanical 
(suppoitmg) tissue, it usually contains fibies and oidmary 
cells (paieucliyiiia) in addition to vessels 

200 Structure of the Hoot. — The loot, like the stem, 
coulamb vasciilai bundles, but the wood-bundles aie sepaiate 
flour the bast- bundles and he on alternate ladii, whereas rn 
the stem the wood and hast are ]omed to foiiii each bundle 
The vascular C3dnider of the root contains fioin two to about 
eight bundles of wood and an equal nunrbei of bast-bundles 
111 Dicotyledons, while m Monocotyledons the numbei of 
himdles is generally much laigei 

* («) Place the looL ot a Bean oi Po,i seedling (ti\ othois as well) in 
some water on a dicle, and seiape olt the soft oiitci tissue (ejiideimis 
and coiLe\}, hist on one side and tlien on the opjiositc side AVasli ofl 
the sciaping‘5 (using ^'oui A^ash-hotlle), place on the sciaped loot some 
aniline chloiide solution, add a dioj) ot gbceiinc (v hicli makes tissues 
moie tianspaieiit), put on a co\ci -glass, and cx:ainmc Notice the 
^'■ellow stained wood-^ es-icls, and Lite long cells associated with them , 
sketch what 3^011 see 
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^ {h) Gilt tiansveise sections of a Bean loot at difteienfc levels, starting 
a little behind the lOot-tip , it is easiei to do this if the loot is lield 
between tv o gi ooved ^neces of eldei -pith oi of cai i ot Keep your lazoi 
vetted with 50 per cent spiiit, cut thui sections, stain some with 
aniline ehloiido, otlieis with iodine solution 

Notice the tissues shown in Big oS, the skm-laj’ei, many of whose 
cells glow out to foim loot haiis , the iirid (coitex) consistuig of cells 



Fjg 5S — Tianavoi-ae St-utioii uf .i Vmiiijj Root of a Dicotylodon witli Foiu 
fetiiiiitls of Wool! 


whicli aie separated at the coincis bj?- aii-space'^ and often containing 
staich-giains , the ceiitial oyliiid ' . ^ lefly of the wood- 

bundles (stained 3^ellow with ' the bast-bundles 

[phloiiui) alternating with these, the ^ between the 

bundles, and the sheath suiioiindnig the ■ ^ The inner 

wood vessels aie pitted, the outei ones aie spiral , the lattei aio naiiow 
and aie foimed befoic the innoi vessels, hence the teim “ piotov^lein ” 
IS applied to these outeiinost and iiaiiowcst vessels Tlie bast- bundles 
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consist cluefl3’- ot long tubes, called sieve-lnh&&^ because at mtel^aKeach 
IS Glossed b}" a paititioii Aihicli is peifoiated like a sieve, so that the 
contents (which aie pioteid sub'^tances) can pass ihiougli the poies in 
the t^iQvc pliUeti hoin one pai t ol the tube to anuthei The ^heitih 
consists chiefly ut two la^'eis ot cells {endoda nus and pc 7 icyde in 
Fig 58 ), but these twolajeis aie not ^el3’• sliaipl^'^ inaiked in the Beau 
loot The peiicycle is a vei} mipoi Unit la^ci , because its cells lemain 
capable ot diMchiig and gning use to new cells, horn the peiicyelo 
aiise ( 1 ) the yootlclb, ( 2 ) pait ot the )iuv irood and had loiined as the 
loot glows old ei and thickci, ( 3 ) the tOih which co\eis tlie suitacc in 
the oldei paits ot tlie loot 

(c) In loots of Cl ess, Mustaid, etc , mounted wdiole and stained with 
aniline cliloiide oi led ink, also in sections tluoiigh lootsj ot Bean oi 
Pea, notice the foimatioiiot lootlets as small swellings (aiising fiorn the 
peiicj'-cle) opposite Uie wTiod -bundles , these swellings giow out, eating 
then Wi\y tlnough coite^ and skin-layei, and escape as small pegs 
'which glow into lootlct-^ The lootlet is enabled to digest the tissues 
thiougli whicli it boies its waj", b}’ the cells covciing its tip pioducing 
feiments similai to those found in geuiimaLiiig '^ecd'^ Do 3'oii see wdiy 
loutletsaie aiiangcd in a dchinte numbci of longiUidnial lows*-' 

(d) In older pails ot the loot ot the Bean and otliei dicot3dedons 
new tissues aie toinied, and the loot glows tliickei This is because 
the cells of the sheath (peiic3mle) outside each wood-bundle, together 
with the cells of the ceniial C3diiidei winch lie inside each bast bundle, 
divide actnol3'- and give use to new bast and new wood 

Cut cioss-sections of old paits of the mam lOot of Bean, stain with 
aniline chloiidc, and notice tlie new wood and bast that have been 
foimed , the oiigiiml w’’ood-bimdles (piimaiy wood) can still be seen in 
the centic ot the loot 

(c) 111 sections of tlic loot of IMai^e oi otliei monocot3declons notice 
the laige nunibei of wood and bast-bundles , no secoiidaiy Lliickeiung 
occius in tliese loots 


201. Continuity of Tissues of Root, Stem, and Iieaf. 

— It IS veiy impoitant to lealise tliat the tissues> (epideimis, 
oioiind-tis&iie, vasculai tissue) of the loot, stem, aud leaves 
aie coiitmuous -with each otliei 

The epideimis of the leaf and of young &tems is a pio- 
teciivG layei, pi eventing excessive tiaiispiiatioii foi inslaiice, 
and -wdieie uecessaiy it heai& a Lmg! of cuticle oi of waxy 
“bloom,” 01 a cuveiiiig of bans, to help iii this function , 
anothei impoitanfc function is to allow of the passage of 
gases into and out of the plant, by means of the stoiiiates 
The epideimis of the youngei paits of the loot selves foi 
absoiptiou, aud to luciease the ahsoihing suiface loot-haiis 
aie develo]ped In tlie oldei paits of the stem aud loot 
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the epideimis may be leplacecl by coih, winch selves chiefly 
foi piotectiou, blit allows the passage of gases thioiigh the 
lenticels, winch have the same function as stomates 

The giound- tissue, which is continuous thioughout the 
plant, couiaists. piimaiily of hving thin- walled cells, sepaiated 
by au-spaces which foini a continuous system and allow 
gases to cn dilate thiough the plant In the lOot the 
ground-tissue consists ot colouiless cells , its chief functions 
aie to convey watei fiom the loot-haiis to the wood- vessels, 
to caiiy oxygen to the living and gi owing cells of the lOot, 
and to stole up food In the stem, the outei pait of the 
gioimd-tissue consists of chloiopliyll-contaimug cells which 
cany on photosynthesis, especially in plants whose leaves 
aie veiy small oi do not lemaiu long on the plant — er/. 
Hoisetails, G-oise, Erooiii, Aspaiagus, Bilbeiry Pait of 
the giound-tissue of the stem is iisnally modified to foiin 
stieugtliemng tissue (collenchyma, scleienchyina) 

The gioiind-tissue of the leaf is simply an extension of the 
gieen outei tissue of the stem, the cells having laigei an- 
spaces lietween them, and being specially adapted to photo- 
synthesis, while the epideimis contains nioie stomates 

The vasculai tissue (vood and bast) is also contmnons 
thioughout the In the loot the wood and bast aie 

in sepal ate bundles, but m the tiansilion legion betvcen 
loot and stem the loot-lnnidles change in position so that 
the wood and bast foim donlile oi “ conjoint” bundles, the 
wood coming to occupy the inner side of each stem bundle, 
twisting lound so that the fiist-foiiiied vessels (spnal and 
iinged) aie neaiest the ccntie in the stem, instead of being 
external as m the loot The essential jiails ot the bundles 
(vessels and sieve tubes) iim continuously fiom loufc to 
leaves, the stem-bundles beuding uutvaids into each leaf so 
that the w^ood is on the nppei side of each leaf-bundle (vein) 
and the hast on its lowei side 

We haie theiefoie thiee systems of conducting channels 
running thiough the plant (1) the wood- vessels which 
cany watei and dissolved salts, (2) the bast-tubes (sieve- 
tubes) which cany manufactuied oiganic food, especially 
nitiogenoiis substances , (3) the aii-passages between the 
cells of the gioimd-tissue, thiough which an cii dilates, the 
exchanges of gases between the atmosplieie and the living 
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plant-tisbues taking ])lace cluefly tliioiigli tke stoinatei* (in 
leaves and lieikaceoiis steins) and tlie lenticels (in woody 
stems) 

202. Tlie Skeleton ” of tlie Plant. — We might com- 
^laie the haid paits ot the steins, lOots, and leaves oi a plant 
with the skeleton of an animal, since these haid paits su^ipoit 
the plant and help to keep it film and sstiong 

Wlij^ aie the haid tissues of the stem aiianged iii a hollow cj^lindei, 
oi tube, hke the pillais that suppoit the gallene‘3 ni buildings ’ 
are they packed together towaids the cciitie in the case ot the loofc, 
forming a tough ceiitial coid ^ Why aie the chief bundles in the leaf- 
stalk airangecl like the lettei U m a cioss-section ’ Why aie the duet 
veins (bundles) of the leaflet aiiangccl like a feathei, and vhy do they 
pioiect on the lower side ot the leaflet’ Why aie the finei leaflet- 
veins aiianged in a net^^olk 

Most ot these cpiestions can be .insveied liy consideimg the le&ults 
oi simple oxpeiinients on the bending ot a beam ut wood (oi other 
mateiial) fiimiy hxed at one end and loaded at the othci TJie lowei- 
ing ot the loaded tiee end is (a) piopouional to tJie load, [h) pioiioi- 
tional to the tuht ot the length ot the lieam, [c) inveiseiy piupuitional 
to the breadth ot the ben in, {d) invei^^clj/ piopoitional to the ntbe of 
the depth of the beam 

Fioin (c) and (d) ve see at once why it is so much nioie advan- 
tageous to inciease the dept-h than to uk lease the bieadtli oi abeam 
Foi when the beam is bending, the nppei side lengthens and the louer 
side shoi tens, but the middle portion ot the beam neithei lengthens 
noi shoitens Exactly the same applies when the beam is set upiight 
instead ot hoiizoniaily, and tuice is appiieil to it tionione nde lienee 
it IS a good plan to put the haid mateiial neai the outside, and tins is 
done in tlie gii’der, which is I-shaped incioss-'aection If we w^t an 
upiight }od to legist bending betoie winds coming tiom aoith, east, 
soutli, and west, we need two joined giirfeis ciossmg at tight angles 
In such a stiuctme the cential part is cleail^ under little stiam as 
compared with the outei parts, theretoie it would be better to put all 
the mateiial on the outside anil make it into a tube (to lesist die bend- 
ing efleets ot winds looming tiom all diiections) 

Cleaily, then, the stiength ot the upiight -stiuctuie (stem) is, ((‘ioir/ 
the bame amount of mat a icd, veiy gi early increased it the haid mateiial 
IS placed tovKuds the out'^ide, lu the fot m 0 } a tube It ;joil think o\cr 
th( se points m the ‘‘ meoluinics ” ot plants ^uii will sec how the plant 
succe'^stully meets the mechanical neecE at the \aimiis p.irts and at tlie 
same time the need fui economy in the amount ot material used to 
make the parts strong enough The leaflets have to be siippoited and 
spread out to aii and light, the stem has to can 3 the leaves and 
branches and has also to resist undue bending bcfoie bJie wind 

The root, on the olhei hand, being embedded in the soil ha-, no 
weight to support, but it has to keep a him hold ol the soil (the luut- 
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liaiis help greatly iii tins), and it must be able to lesist xHilling or 
tugging stiams Hence the best anangenient foi the loot is to ha^e 
tlie haid tissue at the ceiitie, foiming a compact coid 

Theie is gieat diveisity ui the anangenient of the haid tissue 
(scleienchyma), which is, next to the wood of the vasculai bundle^, 
the most impoitant suppoiting tissue oi “steieom’’ (haid-ti'=?sue) ot 
the majoiity ot eiect heibaceous stems Scleiench} ma fibies, which 
occiu among tlie vessels in the wood as well as in sepaiate bands oi 
strands outside of the bundles, aie dead cello (like those which make 
up the wood-vessels) , whereas < " f ■ 11 ^ are living, and can 

cany on assimilation, and aie al ■ 4 iM -i ^rowth, the walls not 

being haid and wood}'", as m scleiench^niia In some iilants— e 
Glasses, Sedges, Hoise-taiU — the epidcnnis contains flint5' substance 
(silica) which helps in gmng ngidiby 

Cut cross sections ot vanoiis heibaceous stems, stain with aniline 
eliloiide, and examine with lens and micioscope, giiing special atteii 
tion to the aiiangement ot the suppoiting tissue m the vasculai bundles 
(wood), scleiench^mia, and >’'■11 n IiTIk 1 ^t special interest are ridged 

and ivinged stems (Goise, I'l , La 1 1 Hj j and the stems of Grasses, 

Rushes, and Sedges 

203 Is tlie “ Skeleton ” alone able to keep the Yoiingf Shoot 
erect? — What liap])ens li you pull up a whole seedling, e rj Bean 01 
Sunflowei, 01 cut otl the shoot, and let it he on the table’ Why does 
It turn limp’ AVeigh a slioot aftei cutting it otl, then iveigh it altei it 
has been allowed to wilt what has the shocjl lost’ How can you make 
the limp shoot become still again ’ Why is it iiselcs'a to tij'' to lestoie 
a shoot that has been allowed to lie too long and has become diy ’ 

204. How are Limpness and Firmness produced? — 

It IS due to osmosis that the shoot turns Imip on losing watei 
and lecoveis its firmness on lieing placed in watei 
* (ffc) Cut olT a seedling’s shoot and put it into 5 pei cent salt solution , 
it becomes limp aftei a time (why’) Take the limp shoot out of the 
solution, w'asli it unclei a tap, and set it in w^atel , wdiab change occuis, 
and wdiy ’ 

(6) Is it iiecessaiy to put the whole dioot m the salt solution ’ 
Place one fresh shoot with its cut end and anotliei w ith its fiee leafy 
end dipping into the solution and aftcnvaids into watei 

205. Flasmolysis and Tiirgidity, — The shoots used in 
these expeiiinents aie not killed unless the salt solution is 
made too stiong 01 they aie left too long in it Piove this by 
pulling up whole seedhiigs and le-plaiitiug them, aftei making 
them turn limp, 01 facetd, m the salt solution 

(a) Cut sections ot a piece of ficsli beetioot , luoiml sections 
sepaiately m ( 1 ) ivatei , (2) salt ‘solution, ( 3 ) alcohol In ( 1 ) notice 
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the layei of protoplasm (“piimoidial iitiicle”) lining the cell- wall, 
and the 1 eel sap hlling the cavity ('\acuole) of the cell, &onie ot the 
cells will be cut open, allowing the sap to esca^je In (2) notice 
that the piimoiclial iitiicle contiacts fiom the cell mmII, hut still 
contains the i eel sap, which does not escape fiom the living cell In 
(3) notice tJiat the led sap diffuses out oi the cells, -wlncli lia\e been 
lilled by the alcoliol 

* (b) It you have no micioscope, the following simple expenment will 
give ^’’Oii some idea of tiirgiclity Cut a piece, about 3 1 liy 1 in , 

out of a flesh beetioot, and notice the Avay in wdiich it resists 
being bent between j'oiii thumb and foiefingei applied to its ends 
Then place it in salt solution, and notice that it bends much moie 
easily (why’) , then place it in watei until it becomes stiff again (by 
the cells becoming fciiigid) Then place the piece ot root in boiling 
w'-atei toi a few minutes, iinse it m cold w^atei and see whetliei it can 
be made tuigid again 

206. Tension Caused by Turgidity. — Aie all tlie cells of 
a giowiug plant equally ting id P Have you evei noticed that 
tlie cut ends of flowei -stalks {eg Dalfodil oi Tulip) dipping 
into watei become split in a pecnliai way, and that the split 
paits ciuve outwaids and npwaids ^ 

^ (a) Make slioit slits in the cut end of a seedling stem (oi the floAvei- 
iiig stalk of a Daffodil, Tulip, Bliicboll, etc ) and set it in water The 
culling of the slit xmits is evidently due to the iiinei cells absoibmg 
water nioie lapidly than the oiilei ones 

In addition to the ihiee snppoiting oi “skeletal” tissues 
— wood-vessels, scleicucliyma, colleuchyma — the oidmaiy 
thin-Avalled tissue (paienchyina) plays an iinpoitant pait in 
maintaining the rigidity of lieibaceous stems as well as of 
petioles, leaf 'blades, and flowei -stalks, by the turgidity of its 
cells In a heibaccous stem the pith has a stiong tendency 
to elongate, but this is hmdeied by the outei tissue, and the 
state of stiam thus set up tends to keep the stem iigid and 
elect The outei tissue is on the stietch, tending to shoiten, 
while the inner tissue is under compiession 

If a stiip of Sunflower stem 50 ems long is cut out and 
the soft tissue (pith) sepaiatecl fiom the outei tissue, the 
tormei suddenly lengthens to ovei 60 ems , Avliile the lattei 
shiiiiks to 45 ems In the same way, it we cut a tuigesceut 
stem, say of a young Eldei twig, flat on two opposite sides 
and then bisect it, eacli half bends outwaids, the pit.li and 
coitev assume their piopei lengths, the foiniei expanding 
and the lattei conti acting 
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By fiudmg Ailiab stieugtli of salt oi sugar sohition is needed to bung 
about plasmoly&iSj we get a lougli idea ot the osmotic toice of the cell- 
sap Saltpetie solutions aie geneially iifacd , a 1 solution of this salt 
(mtiate of potash, KNOj) e\eit& a piessuie ot atmospheies 

The osmotic piessuie within living cells is often much gieatei than 
tins In the pith ot Sullfl.o^\el it is about 13 atmospheieX , that is, a 
piessuie of H atmospheies would be needed to pi event the isolated 
pith iiom expanding In the pulvinus, oi motor oigan, of a Scailet 
Bunnei leaf the piessuie is about 11 atmospheies , in the cambium of 
trees about 15 atmospheies, and in then medullaiy la^s about 20, in 
Onion bulbs and m Beet-ioot {uhicli contain laige amounts of sugai) 
about 20 atmospheies , and in the “nodes” ot (li asses about 40 atmo- 
spheies, a piessuie as gieat as that of the steam in a poweiful engine 

* [b) Split a Dandelion stalk longitudinally into foui stiips, and notice 
that each stiip at once becomes cuived, with the epideimis on the 
oonca\e side wliy’ Place some stiip^ in Matei, otheis in strong 
(about 10 pel eent ) salt solution, and obseive the difteiences in the 
eui\atuie caused the changes in the tingidit}^ of the inuei tissue — 
i e that iieai est the ceuti e ot the stalk 

(c) Cut a long naiiow stiip of Dandelion stalk and fasten the ends 
secLuelv, by thieads oi pms, close togethei to a piece of wood Dip 
the stiip into watei and caiefully watch hoiv iL coils pait ot it twists 
in one diiecUon, part in the opposite diiection, and between these 
theie is a pait "ulieio the spual iG\eises This gi\ es an excellent 
illustiation ot the coiling of a Leiidiil, w liirli shoiv s a similai levelled 
spual when the tiec end ha'^ become fixed to a siippoit 

* (rZ) Split a Dandelion stalk and cut the cinleil-up stiips into iings 
It the ling IS placed in ualei it will become niuie tiglith coiled, if in 
a veiy stiong solution of salt oi siigai, it amII open out In this nay 
wc can find out what stiength ot solution piuduces neithei inciease noi 
decieasc of cuivaluie and theietoie eiiuals the osmotic toioe of the sotb 
tissue, i e the osmotic stiength ot the cell-sap 

(c) Piepaie a 5 solution ot common ‘salt, stiiung 25 giammes of 
salt into 5U0 c cs of uatei Get ten sauceia leaclj', and into one poiu 
100 c Cb ot the ‘•olution Then, using a giaduated beakei, dilute the 
5% solution witli watei, so as to make 4 ', 3 f, 1 0 5 , 0 4 0 3 /f, 

0 2', and 0 Df solutions, pom mg 100 o cs of each into one of the 
sauceis In each saiicci place two ui tluee nngs, and line! out in 
which saucei the iiiigs become neithei moie noi less cm \ eel Poi 
compaiison place some inigs into a saucei contaimiig plain 'watei 

(y } What would happen if i/ruituei iings woie used ' With a chy 
la/oi cut sections acioss a Dandelion stalk anti slit each ling at one 
point Put some ot Llie iings into -wabci, otlieis into salt solutions ot 
dilTeicnt sticngtlis In water tlie iings become motc cuived in this 
case, because the pith-cells sink in the tangential diicction 

{(j) Heasiiiean ‘ inLeinode”of ^oung yunflowei stem, then oxtiact 
the pith by using a coik boiei, and measiue (1 ) the isolated pith, (2) the 
outei tissue the foiniei lias elongated, the latter couti acted 
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(/i) Another and giinplei method i& to me the lung leaf-stalk'^ ot 
Rhubaib oi ot “ xAium Lily ” [Richat dm) Lay the atallc dow n, cut the 
ends squaiel^', and measiue the length oatefullj^ Then leiuose a 
stiip ot the outei tissue and measure it will be shoitei than the 
whole stalk Nevt stiip ofi the whole of tlie outei tissue and measiue 
the pith, which will be iongei than the whole stalk 

(i) Hold a Rhubaib leaf-stalk by one end in a hoiizonlal position; 
it IS film and iigid and liaidly dioops Stiip off all the outei tissue, 
leaving only the cential poition (pith) , the stalk now dioops -when 
held by one end (^liy •') 

(j) Saw ofif a piece of Willow twig about 2 lus diametei Slit the 
“ liaik^’ down one side and lemove it in a single piece On tiying to 
leplace it on the \vood, you wnll find that tlie endb will not meet now, 
showing that the baik was m a state of tension 


207. Growth in Thickness — In almost all Monocoty- 
ledons the oldei paits of the stem aieha-idlj^any thickei than 
the youngei ones neai the growing apev This is because the 
stem of a Monocotyledon usually does not imdeigo any con- 
tinuous inciease in thickness aftei giowtli in length has 
ceased In Dicotyledonous shiubs and tiees, howevei, a com- 
plete layei of gi owing tissue oi Gai\}hiu})h is present outside 
the wood but inside the bast, and each yeai this forms a new 
cylinder of wood outside the oldei one, also producing new 
bast within that previously formed What aie (1) the 
mechanical, (2) the nutritive, necessities which aie met liy 
“ secondary thickening ” Heniembei the conducting func- 
tions of the wood- and bast-tubes, also tliat the fLbies give 
strength, while the oidinaiy (living) cells store food 

The piocess of &ecouda.iy giowtli in thickness is obviously con elated 
with the continual jncLease ot leat-aica on one hand and of loot aiea 
on the othei Each bud which unfolds in spring pioduees a biancli 
ivhicli beaib biuh , next yeai each ot the latter may piocluce a biaiich, 
and so on Meanwhile the loot s^^stein is also branching, each blanch 
pioducing flesh ciops ot lOot bans The incictising rates ut tuuispira- 
tiou and loob-absoiption are met by the provision ol additional wxitei- 
conducting tubes (\ebsels), wfiiile the mcieabing amount ot oigainc 
food piodiiced by photo'^yn thesis is conducted b 3 ' the additional sieve- 
tubes to buds, cambium, giow^'ing-points ot loot-bianclie's, and to 
medullaiy lays xA.!! these tissues aie giownng m extent year bj' yeai, 
then giowfch being iiitimatety corielated 

That the luoieasing weight of the foliage borne the branches ot 
trees is inactrcally counterbalanced b^^ the increasing amount ol w ood 
formed each year is shown bj'- the fact Lliat the vertical di'^iance 
betw’'een the diooping summer -position ot a branch, when it is bent 

SB 12 



178 


THE aROWTH OP ROOTS AND STEMS 


down by the weight of the leaves, and the ^nntei -position, when it has 
risen owing to the loss ot the lea\es, lemains piacticall}’’ the same jeai 
after year It is most mipoitanb to beai in mind the pnnciple of 
correlation of growth., one aspect of which is beautifully illiistiated 
by the cambiuni in connexion with secondaiy thickening In examin- 
ing felled trees in a plantation, oi lopped bianclies, note the frequently 
excentiie axipeaiance of the woodlayeia (annual inigs) and tij’’ to 
account for it lu each case 

208. Annual Kings of Wood. — In n cioss section of a 
tiee tiunk oi a thick bianch,^ a senes of concentiic imgs 
(leally, of conise, Imjeis) can be seen in the woolI Each of 
these lings coiiebpouds (noiinallv) to one yeai’b giowth 

The wood foinied m spring has large vesselb wdiicli aie 
iec(iiiiecl for the lapid tianspoit of watei to the young leaveb, 
and it IS softei than the haid compact wood formed latei m 
the year as the lapidity of giowth decreases and tlie leaves 
tianspiie and assimilate less and less actively In autumn 
the foimation of new wood ceases, leserve foods aie stored 
up, and the lestmg-buds (Ch VI ) aie usually by tins time 
fully developed 

In spiing the buds open and the young leaves expand , the 
, cambium, being well supplied with food, again begins to giow 
actively and to foini new spiing wood The tiansition horn 
spimg to autumn wood may be giadual, but theie is an 
abiupt change fiom the autumn wood (containing naiiow 
vessels) of one year to the spring wood (containing wide 
vessels) of the next 

209, Rays. — Eu lining oiitwaidly fiom the centre of the 
stem aie numeious bands, tlie inedullaiy lays,- which seive 
paitl}" foi the stoiage of staich and oil, and paitly foi the 
hoiizontal conveyance of food niateiials and water They 
also serve to bind togethei the biiccessive laj^eis (“iiugs ”) of 
wood, and thus make the w^ood compact and sfciong The 
rays aie veitical plates, then height vanes, but they must 
not be thought of as sheets oi tissue luiimng continuously 

Old 'foots iiucleigo growth m tlnckiiess (beginning in a latliei 
diffeient way), inst as sterns do, and sliow annual lings 

- The lays, though called mediillaiy oi pith laya, do not all extend 
mto the pith , most ot them sketch lioni the cambium to an annual 
img (additional lays are foinied each yeai) 
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from tlie base of tlie stem to tlie apex Tlie lays can often 
be seen veij plainly on a sqiiaie Pine match, two opposite 
faces show the ia}s as bioad, shiny, hoiizontal stieaks (ladial 
faces), while on the othei two (tangential) faces they apj^eai 
as naiiow veitical stieahs 

210. Heart-Wood and Sap-Wood. — In old tiees show- 
ing many annual imgs, the cential legion of secondai y wood 
IS often distinctly maiked oft fiom the outei legion This is 
laigely due to the wood-cells losing their contents and to 
changes in coloni and m chemical composition of the walls of 
the wood-Yessels The cential legion (heait-wood) is liaidei 
and daiker than the peiipheial legion (sap-wood) 

It is almost entiiely by means of the young sap-wood that 
watei is conveyed npwaids fiom the loots to the leaves As 
the wood glows oldei it becomes unable to act as a channel 
foi the passage of watei Hence the impoitaiice of the 
addition of iiev layeis of wood is two-fold hist, it piovides 
a connected sei les of new channels f oi the ascent of water as 
the old ones become functionless , and secondly, it inci eases 
the stiength of the stem as the weight of the uppei poition 
of the tiee iiici eases 

211. Knots — The knots which occur m wood aie branches 
which have become sunounded by the new laj^eis of wood 
piodiiced as the jatem iiici eased in thickness Examine logs 
of vaiious kinds of wood, and find out all you can about 
the hifatoiy and mode of foimation of the knots 

Do the knots lun light thiough the tiee-tiunk fiom outei 
sill face to centie 'V\^liat huXs piohahly happened, and how 
many yeais ago, when the knot ends ahiuptly and is coveied 
on the outei end by the new wood-layeis ^ How does “ Biid’s- 
eye Maple” gets its name, and what aie the “ ej^es ” m its 
wood Why is a knot usually inucli haidei thau the lest of 
the wood, and why does it fall out leadily fioni a boaid ^ 

212. Cainhiuni. — The chief function of the cainhiuin is 
to piocluce new tissues The cells ot the canibiiim-layer aie 
living and callable of active giowtli and division, the new 
cells foinied being mostly conveited into new “ watei -tubes,” 
new “food-tubes,” and new fibies, while some lemain un- 
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alteiecl (beyond oi owing m size and clianging in shape) and 
add to the living cells piesent m wood, l)ast, and lays 

The shoot is ronfcmually gi owing and pioduuing new leaves and 
buds, so that yeai hy 3^eai the numbei ot leaves is beconung laigei 
This involves a yeaily niciease m the weight of blanches and leaves to 
be suppoited and spiead out to light and an The blanching of the 
loot means a continually gi owing aiea ot absoibing siuface, in the 
toiin of loot-liaiis, in the soil, and since the loot ctin make no oigamc 
food to suppl 3 rit 3 inci easing needs, inoie and moie leat-inaniitactuied 
food must be conveyed to it 

All this means an inci easing demand foi moie wood tubes to conduct 
watei and salts fioiii tlie loots, moie bast tubers to conduct oiganic 
food fiom the leaves, moie stieiigbhening tissue Ifibies, which act 
solely as stiengthemng stiiicfcuies, and -wood-tubes, ivhich sene this 
Xiiiipose in addition to that of conduction), and moie tissue in -which 
food can be stoied [e q the lays) 

It IS obvious that this iinpoibant zone ot giowth is most favouiably 
placed in the plant It is ’well piotected tiom external influences, and 
well supplied with necessities ot Lite On lU immediate imici side aie 
the w'-oocl vessels along wdiich the watei and inoiganio salts x>ass fiom 
loots to leaves , while touching it on its outei side is the bast tliiough 
which manu tact lued food mateiials aie sent tui distiibution thiough- 
ont the plant Moieover, iiinmng tliiough the cambium aic the 
mediillaiy lays, iiom wdiicli it can chaw supplies of food when, as in 
eaiW spLing, no new^ food is being made pliotos}"!! thesis 

Besides t^lie tunctions mentioned above, the camhiuni pla3"s othei 
pait ‘3 undei ceitain couditious It is involved in the piocesses ot 
pruning, budding, giafting, piopagatiou of plants ]}y cuttings 
(“ slips ”)7 and in the healing of wounds on the stem (Ch XVI ) 

213 Coik and Bark — It is evident that the internal foimation 
of seconclaiy wood and bast must exeit considerable piessuie on the 
outei tibsues, which aie sti etched and eventual^ inptuied To 
piovide toi tills theic is the foimaliou ot new tissue fiom a gi owing 
la5^ei developed in this legion Tins lti3'ei is the cork-cambium In 
the ma]ont3^ ot cases ib aiisos in the outei most la3rei ot the coitcx, iin- 
mediately below' the epicleimis The ^oung cellsViven oh to the outei 
side of the coik-eamhium toim the coik This tissue, being impei- 
nieable to watei, cuts oft the epideinns fiom noinishment The epi- 
deimis dies and peels oil as the hisb baik of the tiee The coik is 
developed to leplacc the epidcinus and cany on its functions 

214. The Bark may be clehned as the dead ti&sRe lying 
outside an active coik- cambium We have already indicated 
what the fiist baik consists of The fiibt coik-cambmm 
foimed may peisist foi a laige niimbei of yeais, oi even 
tluoughout the life of the tiee In such cases, eg Biich, 
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Beecli, theie may be a cousideiable foimatiou of bailc o^ving 
to the dying oft of tlie oldei coik-layei& But in most cases 
tins fiist coik-cambinin dies, sooner oi latei in those jilauts 
wheie it has a siipeihcial oiigiu, eaily m those wheie it ]S 
deep-seated Itisieplaced by a new coik-cambmm developed 
m the deepei tissue This piodiices a new coik-layei, and as 
a lesiilt all the outlying tissues (the oiigiual coik, etc ) die 
and aie added to the baik If the succession of secondaiy 
coi k-cainbiinns is lapid, it often haj^pens that the coik comes 
to he close to the bast, and m some cases the new coik may 
even aiise m the bast, e rj Vine and Clematis 

In some tiees the baik comes away in aheets, and is spoken 
of as ring-bai^k. This may be due eithei to the fiist coik- 
cambium being peisisteut oi to the successive coik- cambiums 
appealing in the foiiu of legulai imgs But in most trees 
the baik is given otc m scales (scale-bai’k) , tins is clue to 
the fact that tlie secondaiy coik -cambiums do not aiise as 
legulai lings oi layeis, but m the foiui of cmved stiips 

215. Leiiticels, — In the young gieeu shoot the epideimis 
has stomates allowing foi the fiee entiy and exit of gases 
Wlien the coik-tissue 
is developed we usuallv 
find ceitam stiuctuies 
known as lenticels, 
which usually foini 
small oval patches on 
the sui face of the shoot 
III Bnch the lenticels 
aie long, tiansveise, 
and vei y conspicuous 
on the white baik 
Sections show that at 
these points the coik- 
cells aie not m close 
contact, hut have sepa- 
lated f 10111 each othei and foiiii a loose powdeiy mass thiough 
winch gases can leadilj" pass (Pig 59 ) 

These lenticels aie as a lule developed immediately undei- 
neath the stomates Wheieathick mass of coik is developed 
they foim long passages oi canals, filled with the powdeiy 


EPIDERMIS LOOSE CELLS 
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coik-cells, as, foi example, m tlie oiclinary coilv of coin- 
meice 

The lenticels are closed in Aviutei by tlie foimatioii of 
oidiuai j compact coik-tissiie Tlieie aie an -spaces between 
the cells of the coitex and of the medullai}’" lays, so that all 
the living tissues aie aeiated by way of the lenticels 

216 Practical Work on Woody Stems — 

[a) Cut sections of twigs of Elder, 'Willo'n , Elm, Oak, oi otliei tiees, 
and notice m the oiingcst pai ts the sepaiate hundles aiiauged m a 
ling 111 the oldei paits note that the continuous cambnim has pto 
duced a solid mass ot -wood on innoi ‘iide, while the sin face of the 
stem has liecouie co\ eied lij a Inow n coating of t ot h Peel oft the coik, 
and notice the gicen coite\, then a /one ot colomlcs't) tissue (hast), 
which IS sepal ated horn the haul wood by a moist sticky la^ei (tlie 
cambium) Cut sections and stain some wntli aniline chluiide, otUeis 
with iodine In the w^ood, notice the lays and the “ imgs ” Look fm 
tiees showing stages in healing ot w ounds wheie Inanches have bioken 
off Compaie tlieAvood of vaiioiis common tices , make a collection of 
polished slices Enid out all you can about timbeis— density , bald- 
ness , uses, “ siivci giain ” , ‘‘buus” , “sliakes”, cankei, chy lot, 
and othei diseases, etc 

{!)) N’e\t cut a thin slice out of the thickest pait of a biaucli ivitli a 
saw, and luh down one of the cut siutn es on fine glass papei until it is 
vei V smooth Evamiue it with the aid of a lens, and note the iiaits as 
indicated in the pieceding paiagiaphs (Aits 207-215) Examine logs 
of wood showing the cub sui faces oi the cut stumps of tiees 

(c) Strip the coik-layei fiom twigs of Eldei and othei plants wdnch 
show’- lenticels plainly on the suiface, and notice that lenticels aie not 
meiely suitace-niaiks, but that they pass light bhiough the coik to 
the gieen coitex- tissue tSUip off, la-sei aftei laj'-ei, the baik of a 
Biich twig, and notice that the lenticels go tluougli all the layeis 

(fZ) Dip a twig of Eldei, Eiich (oi othei plant which shows lenticels 
plainly), into boiling watei, and notice the au- bubbles which escape 
±iom the lenticels This shows that the coitex ot the stem has an - 
spaces, and that gases can pass Uiiough blic loose lenticcl tissue 

217. Forms of Stem. — In some phruts the aeiia.1 portion 
of the stem is veiy shoit, so that the leaveb seem to spiiug 
fiom the top of the loot, -u^lnle ausing fioni the centie of the 
tutt of leaves is the iipiight floweimg axis Such lea\es aie 
often said to he ladical, and the condensed 2 '>oition of the 
stem, togethei with the upipei pait of the root, is huowii 
popidaily as the “ loot- stock ” Veiy commonly this is 
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perennial, and forms fioweis and new tufts of leaves year 
aftei yeai, a& m tlie Plantam, Daisy, and Dandelion 

Most stems grow in the air, hut many aie buried in the 
soil Some aie soft ("herbaceous), otheis haid and woody 
(chiefly in aiho'i eoiis oi culoyesceiit plants, le sluubs and 
tiees) In our latei studies we shall find that the steins of 
plants asfc»unie an immense vaiiety of foims in connection 
with special adaptations 

Many ]3lants pioduce special branches which serve for 
vegetative propagation, % e multiplication apart from seed- 
toimation This is especially comuion among low-gioiving 
or “ giound-huggmg ” plants 

218, Runners aie long 'slendei bianclies vhicli giow along the 
siiitace of the soil They cne easily studied m Stiauheriy, Dais3'’, 
and Sweet Violet In the House-leek and Vtiiious Cias&ulas the 
limners oi “ offsets” aic ahoit, and caii^ out Luge looting buds fiom 
the paient plant 

The “ suckeis ” of Rose, Ttaspbeii^’-, and Mint aio latoial branches 
aiisiiig below the level of the soil, whicli glow upw^ards to foim sub- 
aeiial stems beating leaves and flowers TJic uudeigiound poitions of 
such stems lesemble lOots, and aie white oi pinkish iii coloui Then 
tiue chaiactei can, howevei, be told by then axillaijj- exogenous 
de\ clopmont, and b^^ the occuirence ot scale leaves upon them In 
some cases (Roses and Poplais) the suckois aiise fiom toots, 

219. Underground Shoots aie commonly used for the 
stoiage of food, and they ma}^ seive eithei for the main- 
tenance of the life of the mdi\idual when the parts above 
giound aie killed by wintei fio&ts, oi foi the production of 
new iiidividualb by vegetative piopagation They may be 
distinguished fiom loota by the fact that they beai leaves or 
buds, and by then origin fiom buds borne in the a\ils of 
leaves oi leaf -scales The foui chief types of undei giound 
shoots aie Eliizomes, Tubeis, Gorms, and Bulbs 

220. The rhizome is a stout or slendei stem, which usually 
glows hoiizontall}’’ a short distance beneath the suiface of the 
soil Stout and paitiallj'- upiigbt iliizomic stems aie some- 
times teinied loot-stocks,” but they can be distinguished 
fiom loots by the fact that they beai leaves and buds, as 
■well as by then mteinal stiuctuie Usually only small 
blown membianous scale-leaves aiise diiectly fiom the 
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rhizome, the green foliage-leaves hemg borne upon erect 
aeiial shoots Ntimerons adventitious loots aie piesent, 
which glow out mainly fiom the undei-smface of the ilnzome, 
and tisually neai to the bases of scale leaves^ — that is, fiom the 
“nodes ” E-hizomes often bianch to a slight extent, and each 
blanch when sepaiated, eithei aitificially oi by the decay of 
the older paits, is capable of forming a new plant 

Teal by yeai a ihizonie tiavels to fiesh poitions of the 
soil, often slanting npwaicls, but in that case the new paits 
aie diagged down to the same depth by the conti action of 
the loots 

As examples, you should stud}" the iluzonies of vaiious 
Griasses (e r/ Couch-giass) and Sedges (Pig 60), Iiis, Solo- 
mon’s Seal (Fig 113), Wood Son el, Wood Auemone 



Fjg bO — Rhizome ot Sedge (Caie\) iii Summei 
rioTv'enng shoots of (1) Hht 3 eai, (11) this yeai, (III) next yoai, 

(IV) ym next but- one 

221. The stem-tuber is a swollen nndeigiound hianch 
contammg btoied food-mateiialb and beaiiiig buds Ex- 
amples aie affoided hy Potato (Ait 362) and Jeiusalem 
Aaticholce 

222. The conn is a shoot whose basal btem poition 
becomes swollen and filled with food-mateiials aftei flowering 
has taken place The coims of two oi thiee years often 
stick togethei so as to pioduce what may be legaided -ab a 
condensed foini of ihi/oine beaiing a\illaiy buds eithei 
lateially {Golchicvm') , as m a cieepiug ihizome, oi on the 
uppei smface (Ciocvs), as in an iipiight ihizome oi “loot- 
stock.” 
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223, The bulb only cliffeis fioin the coim iii the lelatively 
smaller size of the stem, and in its investment by thick fleshy 
leaves, which contain laiye stoies o£ reseive food As in the 
coini, adventitious loots aiise fiom the base of the stem, 
which usually assumes a discoid shajie In scaly bulbs 
(Lilies) the fleshy scales, of wdnch the bulk ot tlie bulb is 
composed, simply oveilap at then maroins, wheieas in tuni- 
cated bulbs (Onion, Hyacinth) the outei leaves are laige and 
completely ensheathe the inner portions of the bulb The 
colouied membranous coveimg on the outside of such bulbs 
IS foinied by the remains of tlie leaves of apievious season 
Bulbs, tubers, and corms aftoid a means of peiennation 
and also of vegetative piopagation Tliey occui most com- 
monly in the gioup of Monocotyledons 


224, Spines, — In many cases stems become metamor- 
phosed into spines ivhich teiminate in a haid, shaip point 
instead of in a bud oi soft gi owing -point Many of the 
branches of Sloe, Hawthorn, etc, be- 
come modified into special piotective 
oigans of this natuie That they aie 
leally blanches which have ceased to 
glow and whose tips have become 
Laid and shaip-pomted is indicated 
by the fact that the}’' aiise in the 
axils of leaves, and that they may beai 
lateial buds oi even small foliage- 
leaves Spines possess a cential 
cylinder of vasculai tissue, continuous 
with that of the stem, as can be seen 
when they aie torn off 

Spines may also be developed either 
f 10111 entire leaves or fiom the edge 
of the blade The blanched spines 
of the Barbel ly aie modified leaves, 
for m then axils buds aie present 
'winch iiui}" develop into leafy bi anches 
or floivei ing ones Moi eovei , the same 
Baiberry plant (Fig 61 ) often shows intei mediate foims 
between leaves and spines 

The fohage-leaves of the False Acacia (Hobima) have a pan 
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of spines wlncli aiise at tlie base of the leaf-stalk, and these 
aie leally modified stipules The thorns of the G-orse (JJlex 
ewopaeus) aie either modified blanches oi modified leaves, 
foi some of them beai buds in then axils, and aie flattish 
and nai row-pointed leaves, wheieas otheis aie cylindrical and 
foini the hard sharp-pointed ends of blanches 

225. Prickles and Hairs may be scattered irregnlaily 
ovei the &m*faces of jilants, the foiinei mainly on the stem, 
blit the lattei on the stem, leaves, and loots Haiis may 
assume a vaiiety of shajies, but they are always deiived fiom 
the layei of cells foiining the epideimis, oi liist outei skin, 
of plants, and hence they fall oft when coik is foimed The 
Stinging Nettle has se\eial kinds of haiis, the hugest of 
which aie the stinging haiis The point of the stinging haii 
IS foimed by a shaip, thin, buttle scale of silica, which bieaks 
oft in the skin, making a wound into which the acid luice 
contained in the haii is injected by the conti action of the 
swollen base of the haii 

Hairs aie fiecxuently glandular and often sticky In the 
lattei case they aie of use as a pioteLtion against obnoxious 
cieeping insects, which aie fiequeutly caught and letamecl 
by the secretion The Henbane, Tobacco Plant, etc , catch 
laige niimbeis of flies in this way, and the leaves of a tew 
plants, such as the Butteiwoit and the Sundew, feed on 
insects winch aie captiu’ed m this mannei (Ait 241) 

Prickles such as those of the E-ose aie usually classified 
as “emergences ” This teiiii is applied to outgrowths fiom 
steins 01 leaves, winch aie neithei haiis, loots, blanches, 
leaves, leaflets, noi stipules, and which neithei bear buds m 
then axils noi aiise in the axils of leaves Emeigences aiisiug 
fiom the stem usually contain no vasculai tissue, and hence, 
when lemoved, they leave only a siijieificial wound (as in Eoses 
and Bi ambles) Each of the stalked glands on the leaf of 
Sundew, which aie also legaided as emeigences, contains, 
howevei, a stiand of vasculai tissue aiising fiom one of the 
veins of the leaf 

Piickles, of couise, seive to piotect the plant fiom the 
attacks of heibivoioiis aiimials, but they often do moie, 
especially Avlien they cuive dowmvaids as they do in the 
Eose and Bi amble, foi in tins case they aie so many hooks 
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that help to suppoit the stem, and theiefoie as'r.ist the plant 
in climbing among the smioundiug bu&hes and heibage 
An acquaintance with plants in then habitats teaches 
us that the foimation and development of lians, spineb, 
and piickles depend to a gieat extent on external conditions 
Thus, the same plant that pioduces these stiuctmes when 
glowing in a pooi, dry soil fully exposed to the lays of the 
sun, assumes a much softei and less aggiessive chaiacter 
when grown m a iich, moist sod Under the foimei ciicum- 
stances the plant, by conveitmg some of its buds and leaves 
into spines, i educes the amount of its foliage, and thus 
economises its scanty supply of water 

The Eest-haiiow (^ 0 ]ionis ti'ive^isis) has no spines when 
giown in moist soil, but in dL}^ exposed situations most of 
the blanches end in haid, shaip points 

Many fleshy plants, howevei, which giow in dry situations, 
such as the Stone-ciop oi the House-leek, show little oi no 
tendency to foim bans, piickles, oi spines, since they have 
otliei means of checking transpuation (thick cuticle, etc ) 

The haiis piesent on the stem and leaves aie alwajs cuti- 
nised, and usually almost impermeable to water They serve 
to piotect the plant, and especially the young g lowing oigans, 
fiom an excessive loss of watei Haiis, when thickly set, 
also help to piotect sensitive gi owing oigans fiom too 
strong light, 'which letaids then giowth and ma}'" 1113111 lously 
affect them Similaily, a clobe coveimg of haiis is of some 
iinpoitance in letaimng heat dm mg the night and thus 
Iveepmg the plant waim, while haus aie also of gieat value 
in pi eventing the suiface of the plant fiom being wetted by 
lain The bans borne by the lOot (loot-haiis), on the othei 
hand, have no cutm, and are veiy peinieahle to watei 

226. Roots as Storehouses of Food — In annual plants 
the food pioduced by the plant duiiiig the gi owing season is 
mostly turned at once into new tissues The onh'' stoie of 
leseive food is that laid by 111 the seed foi the use of the 
young plant when germinatiou occuis In biennial plants 
(■which m the fiist j^eai pioduce leaves and make and stoie 
up food, and m the second pioduce floweis and fiuits) leseive 
food IS often stoied in the loots, wliicli are gieatly tbiclveiied, 
as 111 Caiiot, BeeL, etc In these cases the so-called tap-ioot 
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really mcl-ades pait of the stem in addition to loot pioper 
and in Tuinip and Radish the whole of the swollen pail 
corresponds to the hypocotjl of the seedling 

In perennial plants the loots may be annual, as m Lilies 
and othei plants with bulbs oi ihizonies , oi biennial, as m 
Dahlias, oi peiennial, as in shiubs and tiees Roots that 
aie annual — peiishmg the same yeai in ivhich they ai€ 
formed — contain no leseive food, but loots that last two oi 
more years nearly always contain more oi les^food for the 
following yeai’s growth 

Adyentitious roots, may be used £oi the storage of food, as 
in the tuberous roots found in many Biitish Oichids The 
tubers may be either palmate or globular, and they arise 
adventitiously from buds which appeal at the base of the 
present year’s stem iN'ext year a new stem develops from 
this bud at the expense of the nutiiment stored up in the 
tubei In the case of the Dahlia and Paeony, adventitious 
tuberous loots glow out from the base of the stem (Pig 62), 
and these are put to a similar use as storage houses for 
reserve-materials That these bodies are really roots is sho^vn 
by then development as ii regular 
endogenous outgrowths at the base 
of the stern, which do not arise in 
the axils of leaves and aie at fiist 
covered by a root-cap 

(a) In Radish seedlings, make sketches 
of young plants of different ages, showing 
the cotyledons and the led hj^pocofcyl, 
• the thickening of the hypocotyl, and the 
liilly formed swelling Cut thin cross- 
sections of the “loot” (hypocotyl) of a 
3^oung seedling, and notice the veiy 
maiked circiilai transpaient zone of 
glow mg tissue [ccLmhmm) , test vitli 
iodine and notice tlie staicli present in 
most of the cells except those of the 
cambium The cambium consists of 
natiow ohlong cells, aiianged in the 
Fjg u2 — -Tiibeious Roots of the laclial ioi\s, tilled with protoplasm, and 
J^ahlia continually diMcling to form new cells 

on the outci side (bast) and on the innei 
side (wood) of the eambiuni-layei , the v ood contains but few vessels 
(&) Stud}'- and compaie the loots of Caiiot, Paisnip, Beet The 
Beet root is peculiai in having several layeis of cainhmm instead of 
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one only vSciape the loot of Caiiot cHicl that of P.usnip, p>ut the 
BCiapmgs in waim ^\’■atel, shake up, and hltei Test the tiltiate toi 
sngai with Feliling’s solution The leseive food in the Beet is also 
siigai, but It IS cane-sugai, not glucose, as in Oaiiot, etc Hence, in 
Older to get the led piecipitate with Fehliiig’s solution, it ib necessiiy 
to boil first \\ itli siilph line acid lu oidei to conieit the cane-sugai to 
glucose 

(c) Examine the tiiheioiis lOots o± Dahlia, which aie foimed in 
suinmei and store up food to be used by the fioueiing stems of the 
next yeai (Fig 62 ) When exhausted of food they die off, but new 
tubeis aie foimed as the old ones aie emptied, so that the individual 
plants can eaii}’’ on a peieniiial existence The leserie food in this 
case is inuhn, siniilai in composition to staich, hut difieiiiig in being 
soluble in watei, so tliat in a section of fresh root examined in watei 
the cells appeal empty If a piece, oi a section, of Dahlia tiibei he 
placed 111 alcohol foi some time, the iniiliu ib deposited in the cells as 
lounded ciystal-like masseb 


QUESTIONS ON CHAPTER VII 

1 Explain how you Mould investigate the latc of gioMth in length 
ot a loot, indicating the piecautions 3^011 ivould obseive in conducting 
youi expel imeiits Illusti ate 3^0111 answei b3’^ a diagiam 

2 Desciibe simple expeiiments to sliow b3'' what paths watei tiav’^els 
tliiougli the x^lant horn loots to leaves 

3 What aro the mam functions ot roots ’ How aie tlie3^ adapted to 
can 3^ on these functions ^ 

4 Hom" is the ladicle of a seedling enabled to penetrate stiftsoil’ 
How nia3^ the toice exerted tlie radicle be measuied ’ 

5 Hoiv can it bo pioved that tlic diiection of giowtli of a loot 
IS a 1 espouse to the stimulus ot giavity ^ Explain the teim ‘‘geo 
tiopisin ” 

6 Hom^ is the direction of growth ot a loot affected b^^ moistuie’ 
WI 13 ' IS it advantageous to the plant that the stimLiliis due to moistiiie 
IS able to oveicome that due to giavity ' 

7 Desciibe the stiuctuie of the stem in any Monocot3dedon, as seen 
m longitudinal and in tiansveise sections 

8 In what teatuies ot btiLictuie and tiinctioii do the vesselb ot the 
phloem (sieve-tubes) diflei fiom those ot the wood’ 

9 What IS the vasculai bundle^ Ot what paits does a vasculai 
bundle in the stem of a Dicotyledon consist, and what aie then 
lespective hmctions’ 
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10 Explain the structuie, as seen in tians verse section, o£ a twig of 
any Dicotyledonous tree 

11 State generally what is the composition of a I'^ascular liundle 
Describe the longitudinal course of the vasculai bundles in the stem of 
any Dicotyledon 

12 What IS the cambium’ Explam where you would find it in the 
stem of a tree, and what is its importance 

13 What IS meant by a “vessel”’ What aie the diffeiences 
between the vessels of the wood and those of the bast ’ 

14 Wliat IS a “ gi owing-point ” ’ What is the diffeience between 
the growing-points of stems and those of loots ’ 

15 Describe the way in which the stem of a Dicotyledonous tree 
grows m thickness, and explam how it is that its wood shows annual 
rings 

16 The stem of an Oak tiee continues to grow in thickness so long 
as the tree lives, whereas the stem of a palm-tiee does not grow any 
thicker when once formed Explam the cause of this difference 

17 Along what tissue does the sap ascend in a stem m its passage 
from loot to leaf’ How would you endeavour to piove by experiment 
the ti nth of your statement’ What other movement of liquid sub 
stance takes place in plants besides the ascent of the sap, and what is 
the path of this cui rent ’ 

18 Explain as far as you can the way in which water is absorbed 
from the soil by the roots, and the tianspnatioii curient maintained, 
in the case of trees 

19 What is meant by solerenchyraa ’ Give some account of its 
mode of occurrence m stems, and show how it is of use to the plant 

20 Describe the process of secondary thickening as seen in the root 
of a Dicotyledonous tree What advantages does this secondary 
thickenmg confer on the tree ? 

21 Describe in the case of any seedling you may select how the 
stiiictme characteristic of the loot changes mto that met with in the 
young stem What do you think is the use of the change to the plant ’ 

22 What method, other than watering, would you use to recovei 
a plant, growing in the open, which had become flaccid from loss ot 
watei ? Give reasons for the method adopted 

23 Describe accurately an experiment which you have seen in which 
the rate of growth of roots or shoots was measured Which pail of 
the root glows most rapidly m length, and w'hicli pait absoibs most 
watei ? What advantages do plants gam by the inciease of their 
shoots and loots in length and thickness ? 
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‘24 How IS the diiectiou of a loot’s giowth aUectcd by light > How 
does a shoot difiei fioui a loot in tins leapect 

25 Hoh I's the giowtli of a lOot-tip afiected by contact with a haid 
obstacle 

‘26 How can it be pioved that the loot- tip alone is sensitive to the 
stimuli of gia\ ity, light, etc ’ 

27 In what pait of a loot does giowth in length uccui ’ How can 
it be pioved that the curvatiiies in lesponse to stimuli (giavity, light, 
moistiue, contact) also occiu in this pait’ 

28 Desciibe the chaiacteis of the vaiious legions of a loot, staiting 
fioni the ex U erne tip 

29 State all jou know about the loots of land-plants, and in pai- 
tieulai mention any obsei rations you ha^e 5^0111 self made on the roots, 
of any plants 

30 Give an account of the influence of Light, Giavity, and hluistiue 
on the groNvth of loots 

31 Desenbe caiefully how '^ou would lit up an expeumeiit winch 
would show'’ deal ly the eflect ot light on the diiectioii ot giowth of 
the stein and loot ot a seedling Slate biiefl} the olhu ellects of light 
on plants 

32 What IS meant b^^- Geobiopism ’ Wiite a caiefiil account ot any 
three eKpeiimeuts you may have peitoinied in oidei to lines ligate the 
natuie of geotiopic phenomena in loots 

33 Wiite a slioit account of the distiibiition of mechanical tissue 
(steieom) m the stems of plants, illustiatiiig youi aiisw^ei by lefeience 
to particulai cases 

34 Yeiy stiong solutions of cei tain salts make plants withei , ^eiy 
weak solutions ot the same salts aie lecommended toi making them 
glow How would you dotei mine by expeiiment how'" stiong and how 
weak solutions must be to pioduce these cflecls How do you exxilain 
the coiitiadictoiy icsults '' 

35 Describe llie stiuctuie of a young loot as seen in lians\cisc 
section ^Vhat peculiaiities in its stiiictiue arc cliaiacleiisLic of the 
loot’ 

36 It a leaf 01 a flow ei -stalk is iemo\ ed fiotn the plant and aUow^ed 
to lemain m diy an, it becomes flaccid and can no longei support its 
own w'^eight Why is this? Give expeuments in suppoit of yoiii 
ex^Dlanation 

37 How w'-ould you show w^helhei it is the leactiuii piodueed by 
light, or hy gravitatron, 01 by both, that causes a stem to grow' 
upwards and a loot to grow dowiiw'aids ? 
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3S Meatioii an expeLimenfc ■winch show’'3 that oigainc bubstaiice 
foimed in the leaves travels duwn the stem outside the cambium 

39 Show, by desoiibing and drawing one example, that the bianch 
ot a tiee may prebeive a recoicl of past seasons m its baik and w^oocl 

40 Suppose you caiefully pull up a young bean seedling, and fasten 
It by means ot a pm thiough the seed to the edge ot a shelf, so that 
the axis of the plant is in a hoiizontal position, and then keep the an 
1 omid the jilant satin ated or neaily satin abed with moistuie How will 
the plant behave during the next tew days’ Desciibe any evpeii- 
nients ^ou have made beaiing on such occuiiences, and state what 
infeiences you would diaw fiom them 

41 What 13 meant by osmosis, diffusion, tuigor, tianspnation ’ 
How IS the iigidity of a succulent flower stalk affected by jilacing it 
[a) in water, (^) in a strong salt oi sugar solution ^ How would this 
treatment affect a living cell ’ 

42 Biaw from memoij^, and caiefully desciibe the structure, as 
seen with the naked eye, oi a block of oak (or of any othei tiee with 
which you aie familial) cut so as to include both the centre of the 
ti ee and the bai k 

43 Describe the young mam root of some named plant Where 
does most lapicl increase in length occui, and how can it be demon- 
stiated’ Diaw a tiansvetsse section taken a little w^ay above the 
region of most lapid giowdh 

44 Draw diagrams of longitudinal sections of a loot and of a stem 
Include the apex and the cliaiacteiistic laleial appendages in each 
case Minute stiuctures, not leadily seen with a hand-lens, need not 
be lepiesented 

45 Give a shoit desciiption of the lOot-system of a young dicotyle- 
donous x^lant Enumerate the moie impoitant functions discharged 
by loots, and explain how the roots are specially adapted to peiform 
these functions 

46 The tiunk of an Oak tree, wireir in hill leaf, is sawn all round so 
deeply as to cut thiough the sap-wood btate and explain the eSect 
of this operation 

47 Desciibe the featiiies seen m a cios-. section of a piece of wmod 
(e g of oak oi ash) when examined w'lth a lens Illustiate youi answ^ei 
by means ot a diagram 

4S Explain the natuie and mode of ongin of “knots” and of 
“sihei gram” in timber 

49 What is meant by a Medullai}^ Hay ? Wheie are mediillaiy 
lays found, and w^hab aie then uses ' 
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50 When the tiiink of a clicotj^leclonoug tiee is cut aoioss, the Avood 
IS seen to be disposed in lings Evplain tins fact, and indicate its 
1 elation to the age of the tiee 

51 Why does a succulent flou ei -stalk oi petiole lose most of its 
rigidity uhen cut and in Avant of watei * Could you pioduce this 
condition aitificially uithout cxposiue to the an How would j'ou 
attempt to restoie the iigidity ot a stalk thus arbificiallj’- wilted G-ive 
leasons foi 30111 answeis 

52 Descube and explain the changes that be obseived when a 
turgescent shoot is bisected longitudinally, and when the hahes aie 
placed siiccossn el^'' m watei and in stiong salt solution 

53 The split stalks of cut floweis ha^e been found to become limp 
in salt solutions containing 32 5 grammes ot salt pei litie, but to 
become tmgid in solutions contaming 3 25 gi amines pci litie As- 
Sliming tliGbO laots and gi\en a quantity ot the stiong solution, how 
would you most rapidly piepaie a sei les ot solutions of intermediate 
strengths so as to deleimine what stiengUi ot salt solution would just 
suffice to cause the fiCblil^ split stems to beaomc peioeptihl^^ limp " 

5-I- Explain v.]\y it is oasior to split a pioco ot wood in tlie duoction 
of the giam than acio&s it 

55 Give an account of tlie struotiue and uses of Lontieels 

50 Desciibo and explain as full 3 '‘ as you can the appearance 
assumed by a lioo gi owing m a position tull^'' exposed to tlie wind 
fiom the soa 

57 How would 3 ’ou clistinguisli between {a) a simple leaf and a 
cladude, {h) a compound loaf and a shoit bianch, (c) a rilondei undoi- 
ground stem and a root ^ 

5S What aio the ohiof points on m Inch ytm would lay emphasis 111 a 
lesson on Tuigesccnce ^ By \v hat cxpoiimeiits would you illustiate the 
lesson ’ 

59 Explain fulty what is meant Baik, and state the various 
ways in ulnoh it maj'’ be foimed 

GO Descube caiofiill^', \utli diagiams, five plants which lepioduco 
themselves without the aid ot seeds Distmgiiish caiefiill^^ between 
those eases in uliicli food is stored up and those m which it is nob 
Point out also at what stage tlie new individuals become se^^aiated 
, from the old 

01 Descube the anatomical stiuctuie of the loot of a dicotyledonous 
plant Show how it is adapted to its siu roundings and to the woik 
which It has to peifoini, and account foi the diffciences in stiuctuie 111 
such loots as tap loots and olhei flesh}" roots, as compaied with fibions 
loots 
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62 Wbafc fniictioni^ otliei than the ahsoiptioii of watei do loots 
peifoim ’ llliistiate j^oiu answei by clesciiptions of an^ exanipleb you 
niaj’’ select 

63 Place beneath a bean seedling, fixed as lu Pig 15 , a plate pieiced 
by a bole big enough to give eas^^ passage to the ladicle Place the 
hole so that it does not come irninediatel3^ beneath the tip of the 
ladicle Hosv can j^ou cause the ladicle (withoait touching it) to pass 
till ough the hole ’ 

64 How can 3^011 induce ladicles to giow upwards insteid of down- 
waids ^ How can 3011 induce lailicles to leave the eaith and entei 
the ail ’ Hou can 3^011 get ladicle-n with den^iO 01 u itli sparse loot 
hails, at pleasiue ' 
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CLIMBEES, PAEASITES, SAPEOPHYTES 

227. Climbing Plants. — Maiiv plants have special means 
of glowing np towauls the light and an, and tJius placing 
then leaves, floweis, and fiiuts in a favouiable position, with 
the least expenditiue of material They aie weak-stemmed 
plants which make use of living oi dead plants as siippoits, 
without whose aid they would, attei leachmg a ceitain height 
by then own effoits, sink to the gioinid Climbing plants 
save themselves the expense of loimmg iigid stems, but 
with a few exceptions (of which the Dodder is the only 
Biitish example) they aie not paiasites, since they have 
earth -1 oots and take nothing fioin the plants to winch they 
attach themselves, tliongli when climbing ovei living plants 
they may lujine them induectly hy shading them fiom tlie 
light 

The chief methods employed by clmibeis to laise them- 
selves aie — (1) by tyviumg then stems lound the suppoit, 
(2) Ly pioduciiig special attaching oigans oi tench ils , (3) by 
pioclucing special attaching loots, (4) Ly pioduciug uinved 
piickles which liook on to the suppoit 

228. Tendril Climbers. — It is necessaiy to distinguish 
shaiply between plants which climb by twining then stems 
aiouucl suppoits and those which have special lateial nut- 
able oigans — tendiils — for this pin pose In a tench il-beai mg 
plant, the stem itself glows stiaight on, while the tench ils 
diffei entnel}'' from twiiung stems in then mode of action 
The tendiils can attach themselves to a snppoit placed iii 
any position, and can coil aiouiid these to light oi left, 
downwaicis or upwaids, diffeimg in these lespects fioni 
twining stems 

A young tench il, as it aiises fioin the bud, is coiled np 
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spually, the convex side being the lowei side, but in n few 
days it lengthens and becomes stiaightened out, at the same 
time sweeping slowly lound thiougli the air The move- 
ments of the young tendiil aie “automatic,” le they aie 
not made in lespon&e to any external stimulus, and aftei its 
vigoious growth has ceased the tendiil begins again to giow 
more lapidly on its upper side, so that the lowei suiface now 
become^ concave The tendiil, if it has not met with any 
support, keeps on coiling in this way (owing to the moie 
lapid giowth of the uppei side), and finallv loses its sensitive- 
ness when fully grown 

If, on the othei hand, the tendiil has, m the fiist 
peiiod of itb giowth (the uncoiling stage), come into 
contact with a isolid supjioit, aftei sweeping aioiind and 
“ feeling” foi one, it lubs agaiubt the suppoit with its lowei 
suiface and Leg mb to coil loiiiid it, and aftei making a few 
coils it becomes haidei The fiee pait of the tendiil, be- 
tween the plant and the suppoit, then becomes coiled and 
toi mechanical leasons theie occius at least one leveisal of 
the coil, sometimes seveial leveisals, see Ait 206 (c) The 
spiial coiling of the fiee mtei mediate pait of the tendiil ib 
due to excessive growth on the ujipei side, and is veiy 
impoitant, since it diaws the plant up neaiei the suppoit 
aud also foims an elastic spimg which enahleb the plant to 
yield to the wind and actb as a buffei against bhocks that 
might teai the tendiil fioin the suppoit 

In most cases, the sensitiveness of a tendiil is confined to 
the lowei side and is gieatest neai the tip, though some 
pliuts have tendiils which aie sensitive on both uppei aud 
lowei sides In any case, howevei, no coiling occiiis if both 
ujipei aud lowei side of the tendiil he stimulated at the 
same time In sliiuhhy cliiiibeis the tendiils undeigo 
secondaiy giowth in thickness , the tendiils of a shiub have 
to act foi several yeaib, while those of a heibaceous plant 
aie only needed foi a single season To a ceitain extent the 
stiength of a tendiil becomes ultimately piopoitional to the 
weight it has to bear, so that if a number of the young 
tendiils be lemoved the lemaming ones become stiongei, 
piovided thev aie still capable of giowth 

Eveiy student of Botany sliould lead Dai win’s Climhimj Plants 
(Muuciy, 2s Cd ) Veiy caieful expeiimeiits made by latei woiUeis 
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have shown that though an extiemely slight hlow" made with a solid 
l)od3 causes coding (c q the shock inflicted a paiiicle of cotton 
thiead weighing only 0 0002) ut a nulligiainine and jjlaced on tlic 
tench il simply by a diaughfc of an), but that liquitU ha\e no effect on 
tciidiils It \vatci, watei\ solutions ot salts, oil, oi e^en nieicuiy he 
allowed to fall on a tendul, no coiling occuis, but a icsponse is made 
if theie be any small ^olicl particles ni the IiC|Uid, c 7 chalk 01 nmcl in 
the watci used hloieoNci, a tendnl is not stimnlated by a glass lod 
coated with gelatine solution, which may he used to stnke oi sLiokc 
the tench il without lesult Tins jact lias, led to some astonishing 
lesnlts in expeiiments, glass lods coated wnth gelatine being used to 
hold the tench il and to study the eOects of« diffeiuit stiiiiuh 

Blows inflicted by solid bodies cause coiling, but no effect is pio- 
dneed by nieie continuous piessine, thus, it smooth glass tlneads, 
01 a needle, be xnessccl cat efnlly against the tendril, without fiiction 
and w'lthout any sudden incicase in the piessuie, no coding ocems, 
tlioi / ’ 1' ICO results it these bodies are gently lubbed against 

the I I facts are of biological interest, toi they show^that 

teiichds cannot be blimulated by laiii oi b}'' gcnoial shaking of the 
plant Aiincl 

Tiic general giowth and bebaMoiu of tendids can bo studied in the 
fSwe.-t iVa, but thobe ot Pas'^ion-fiow'ci 01 White Bi^oii}'' aie inoic 
suitable toi expeurncuts 

AVhy docs a Sweet Pea ‘^ccclling fall o\ ei and spiawl about it no 
snppoil, e 7 a stick, is placed near it ^ Place sticks iii a pot of seed 
lings, also stnngs sti etched between sticks and lunniiig houzontally 
and at ddleient angles Aiethe tendids able to cod aiound hoiizontal 
suppoi ts as w^ell ns inclined or vci tical siippoi ts ’ Sketch a j oung leaf 
wnth tendrils wdiich have nob >eb come into contact with a support 
aie the young tendids stiaight 01 ciiived ? Is it possible to make a 
young tench il cod wot’ ' it with a suppoi t ' Try the effect 

of sticking a j^oung ,tick, a string, a glass rod , stroke 

it at different points Which paiL of the tench il is sensitive to contact 
and 1 esponch by coding 

Choose a tendnl ot Passion-iloivci 01 White Biyon^^ wduch has its tip 
shghti} hooked, and with a pencil mb the imiei side of the hook 
(low Cl suifaec of tendnl) foi about a minute Tlie tip should at once 
begin to coil, and in about tw^o minutes the teuniiial 15 miu will 
piulnbly toi m a iiiig 

Many of the facts slated above can niily bo demonstrated by skdtiil 
niainpiilalion, but it is eas} to x)ro\e that a fiinoolh body has no effect 
on a tendril Bissohe two sheets? ot Maibhall’s sheet gelatine in a 
(liiaitoi pint of hot w^atci, and cli]) into it a smooth lucl of glass oi 
wood about 3 nun 111 chametoi Rub the cooled lod against a tendnl 
No effect is piodnced when the gelatinc-covciccl pait is used, but 
coding occiiis w'hcn tlic tendnl is stroked wich the uncoated pait It 
IS an ad\aiUagc to use two lods, touching the convex; side of the 
tendnl, wduch is not sensitn c, with one locl and thus holding it owong 
to the stickiness of tlie gelatine, wdiile the otliei rod is used toi 
sticking the tendnl 
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229 In mostnatne Biitisli tencliil-climbeLS the tendiils are pio- 
duced by modification of the leaves In Peas and Vetches [Lathy 
Vicia) they aie modified leaflets m which onl}'- the nnd-iib is 
de\ eloped In Fiimituiies [Fiimai in and Coi i/dahb) tlie leaf is cut up 
into lobes an3" of which may act as a tendril In Cicmatib the leat- 
stalk coils aionnd the snppoit 

White Bryony [Biyonia dioita) belongs to the samelamily (Cncm- 
bitaceae) as Cucumbei , Gouid, and Vegetable Mai row, and has a thick 
tubeious ihizome, usually branched, fiom whicli arise the lung annual 
shoots Each tendiil aiises at a “node” beside a leaf, and in the 
iippei floweung pait of the plant we get leaf, tendiil, and irifloiesceiice 
aijsing togethei In B/yoma itself, the tendiil is unbianched, bub in 
Vegetablc'^Maiiow it is sometimes blanched and beai^s lea\es , hence it 
IS l?kel3 that the iippei coiling pait of the Bounj tendiil is a modified 
leaf uhile the basal stiff pait is a stem sLiucUue The leaves aie 
dnided into 5 oi 7 angulai toothed lobes, and the whole plant is loiigli 
^Mth small hail'? 


230. Twining Plants — In twiners tlie stem coils around 
suppoifcs, and the coiling is a special response made by the 
gi owing point of the stem to the stimulus of giavitj Tins 
1 espouse is teimed tiansveise geotiopisui, and no coiling 
ocems if the plant is lotated, with the stem lioiizoutal, on a 
clmostat (Alt 190) The mode of climbing of a twining 
stem lb, tlieiefoie, totally diffeient fioiii tlie coiling ot a 
tendiil, the lattei being due to a special kind of nntabihty 
set np by the suppoit 

In most cases twining only occuis aioimd suppoits which 
aie veitical oi neaily so, and winch aie not too thick, foi the 
steins of twineis have a stiong tendency to ascend diiectly 
upwaids by the shoitest possible path 

As an example of a tuinei slucl\' Ihe Scarlet Buiiner 

[a) (how a seedling in a pot until the iippci 2Utb ot tlic shoot liangs 
o\ei a few inches Tie the low ci pait of the stem to a stick placed 
111 the soil, set the pot on a sheet of papei, and lecoid the po':>ibion ot 
the tip of the shoot, eithei ( 1 ) b} dialling lines on the papei ladiatiiig 
fiom the ceiitie ot the pot, so as to slioiv the diiection in wdiich the tip 
ot the slioot points, oi ( 2 ) by using a plumb line (a stung ivitli a weight 
tied at one end) and maiknig tlie spot on the papei below the stem tip, 
01 ( 3 ) b} fi\ing a sheet ot glass o\ei tlio plant, lesbing on suppoits, 
and maiking on it the position ot the stem tip Whichevei method is> 
used, lecord the time wdieii each obseivatiuii is made, and find out 
how long it takes for the stem tiji to swung loimd tliiough a complete 
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ciicle In winch cliiecfcioii does the shoot i evolve — witli the hands of 
a watch ^ oi jri the opposite diiectioii’ 

{b) We know that warmth hastens the late of giowth ot plants 
does it hasten the latc of i evolution ot a twining stem’ Compaie the 
times taken by the same plant to make a complete re\olution A\lien 
kept fiist in a vaiiii place and then m a cool place, and vice veisa 
At *13° O a Riimiei revolved in 2 houis 20 imniiteh, vhile at 23° C it 
took 3 horns 25 ni mutes 

CtcI se^elal vigoious seedlings ready, each nr its own pot 




Fig u3 ~T^'lnlng Plants I , Cumoh uliu , 11 , Hup 


(c) In one pot set a long slick in a voitical position near the plant 
Note that the ^bcm sviiigs loiind and stops at the point where it 
touches the stick, vliile its free end goes on i evolving , m this way it 
Jinds a support and then goes on gi owing upwaids 

{rl) Must the suppoit be vcitical^ Tiy setting the stick m an 
inclined position, in one pot at 30° troiii tlio \ettical 5 in anothei at 
and so on The Riinnei, like must other tvnieis, cannot climb up a 
stick set at a low er angle than 45° from Ltie vei tical The Convolvulus, 
ll 0 ^ve^el, will twoiie aiuimcl a lioiizontal stick 


^ The terms “ wotli the sun” and “against the arm” are soiuetimes 
iiaod instead ot “ clockw ise” and “ anti-cloekwo'^o ” The plant (placed 
between sun and obseivcr) points siiecessn cT^^ to lilasb, South, and 
AVest in levohing “with the sun”, this occurs in the Hop and 
Iloneysiiekle Tlio plant iioints successively to West, South, and 
East m going “against the sun,” i e in the anti-clockwise direction , 
this occurs 111 most climbers, c (j Scarlet Kuuiiei, Convolvulus 
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(e) Wliat happens if a thick stick oi othei thick siippoit is used 
instead of a thin one ’ Use a laige pot oi a box, and place m it a 
thick cylinclei o£^\ood oi a tube of cardboaid , tn seveial difleient 
thicknes&es (diameteib of 2, -t, G, 8, 10 inches) The stein ^\lll not 
tuine lound a thick suppoit (ovei about 3 niches diametei), evidently 
because the suppoit is not cun ed stioiigly enough to allow the stem 
to hold on while the fiee giovmg tip svings louiicl the snppoit 

[J ) Does the stem liecome tv istecl as it i evolves The be^t method 
foi finding out is to paint a line along the convex side of the stem and 
watch what happens cluiing a ie\ulution The hue is seen to run 
round the stem, so that at the middle of a ie\oliition it is on the 
eoiica\ e side, while at the end of the levolutioii it is again on the convex 
sicle The giow'th of the stem is not ccpial all lonnd , a wave ot lapid 
giow^tli passes lOund the ie\ol\ing pait of the stem 

231 Native Biitisli twiners include Hop (Figs 63, II ), wdiosc 
stem beais piickles which help in catching on to the suppoit , Honey- 
suckle (Alt 398), Bitfceisweet (Ait 395), G-reat Convolvulus 
[G ,-^rjjium, with laige w lute flis ) and Field Convolvulus {G arreu'.it., 
wutli small leddish flis ) , Black Bindweed {Polygonum tonvolvnlub), 
like Field Con\olMilus in habit, with small floweis and wuth the sheath 
[ochiea^ Ait 165) aiound stem at base ot loaf, which is cliaiac tens Lie 
of the Polygouaceae , Black Bryony [Tarnn^^ tommnni^), aMonocolv- 
ledoii (though its glossy claik-gieen stalked lieait shaiied lea^es aie 
n et- veined ) , Doddei’ {Cu'^LUta)^ winch cliffeia tioni otiiei Biitish 
climbeism being a paiasite (AiL 236) and in the fact that its stem 
acts like a tenclul, being niitablo to contact and tnctioii and not 
transveisel}^ geotiopic 


232 . Root Climlbers — A few plants clnul) by meaiib of 
attaching lOots The only native Biitibh example of a loot- 
ciimhei is 

Ivy {Redcnt lichi), wdnch climbs on walls, tiee-tr links, ole , by 
means of mmieious slioit loots spnnging fiom the stem along the 
shaded side , sometimes it ciceps along the soil, especially on banks 
It Is not a paiasitiG plant, W'lien growing on a tiee tiiink the loots 
simply fix the plant to the baik and do not ])enetiate llie tnink ni tap 
the tiee’s supplies ot wxitci and food The I\ 3 'gcts its watci and 
dissohed salts from the soil by its mam lOot, the chmhing lOoLs 
seiMiig foi fixation to the suppoit 

Examine Ivy plants giowmig in difieient positions, r g on level 
soil, on sloping banks, on tiecs, on walls Note the anangemeid and 
toim of the lea\es On flow^iing shoots the leaves aie aiiangcd 
spiiallj^ in fi\e lows, and the blades aie not lolied , these shoots aie 
on foi in ed when the plant is wtII exposed to the light (wli3"’)j nnd 
tliej^ pioject fioni the lest of the plant and ha^e no climhing tools 
Oil the 01 dinaiy’’ blanches the leaves aic aiiaiigcd in tw'o low's along 
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the tUnks of the stem Note (1) tlie loat-base, s-\vuUeii and paitlj 
en&Iieathmg the stein, (2) the cjliiidiioal stalk, Viiiyjng ni length, 
(o) tlie blade, daik gieen, ottcn'pale along the ^el^s or in patches, 
glossy, IcabheiN , eveigieen The joung leaves aic all alike, but by the 
bending ot the leat base oi pulvimis, the amount ot lengthening ot the 
stalk, and amount of suiface giowth ot the blade, the leaics aie 
bi ought into a hoi izoutal position nith the blades litting tngetbei to 
ioini a leat-inosaic ’’ The buds aie coALied witli doA\n, consisting of 
minute stai -shaped bans, -wbich can be seen sealteied ovei the stem 
and lea\es aftei the bud has untolded , by noting the auangement of 
the haiis it is easy to tiace the amount ot giowUi ol stem, leat-stalk, 
and leaf blade 


233. Kook Climbers. — Some pLints climb, often m a 
latlier stiagglmg oi i ambling fashion {e(j Biamblefc!, Hoses), 
by means of hooked pi ickles 

An mteiestmg example is the Common Groosegiass {Galium 
which belongs to the same family {Riibuiceae) as 
the Bedstiaws, and is veiy common in hedgeiows 

The seedlings of Goosegiass (seen in .iiiLunm and Avintei) have laigo 
gieeii oval cotyledons, and at hist the shoot glows ciect The stem is 
4 sided, and the lea\es aie auanged m circles oi whoils, the numhei 
varying from 4 in a^ihoil in the seedling to S oi 0 in the oldei jiaifcs of 
the plant Note the small pi ickles on the stem and leases Aie the 
piickles stiaight oi cnived’ In vhat diiection do they^ cnr\ e ^ Aie 
they scattered evenly all lound the stem ’ Sketch a pait of the shoot 
showing the auangement of the piickles 

Bo you think all the paits in a whoil aie leallj leaves ’ Bo they all 
beai buds and blanches in then axils ^ It not, how many do so ’ Note 
that the tiuc leaves aie in opposite pans, the pairs ot successne 
wlioils being ciosscd, so that the tiue lea\es aie in 4 lOw*! on the stem 
The othei ," 1 '' '' ’oil aie leaf like stipules Theie aie 

.ih\ a-s s tv ( , by having buds or branches in then 

axils), aiic parts in the whorl depends on the 

extent to which the stipules bianch on the one hand, oi ‘fuse” (giow 
togcthei) on the otlici Note how the shoots of Goosegiass insinuate 
themselves betveen the blanches and lea\es of the hedge plants 

One otteii sees the seedlings glowing in crowded patches, some light 
below' the hedge, othei s out in the open , wdncli seedlings peiish 
soonest, and why’ The Goosegiass is one of the most inteiesting and 
iiistiuctivc plants lound in '' '' ' '' eful ohsei vations, at 

fieqiient inteivals, of patches a fine example of the 

hcicc stiuggle foi existence, wdiich is keenest m places like hedgeiows 
{wdiy and of the advantages {and disad\antages) acciiiing to a plant 
which 13 adapted to a special mode ol life, such as the climbing liabit 
Note the gieat extent to wdiich the Goosegiass giow's ni a single season , 
it is an annual plant 
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[234 Cultivated Climbers — Tlie following twiners aie often 
ciiltn cited —Scarlet Runner, Dutchman’s Pipe [At idolodiia). 
Jasmine, Wistaria, Mornings Glory [Ipomoea), “Tea-plant” 
{Li/uum), cind Acinous species of Convolvulus, Honeysuckle, etc 

Giiltn cited tendril-beai ers slioiv iiuiny points ot iiitei est Some have 
ordinary coiling tendrils, ivliicli may be blanches, e (j Passion-flower, 
Trumpet-flower (Bignoma), Vine, vaiious species of Virginian 
Creepei [Ampdopbia] , or modified leaflets, e y Sweet Pea, Garden 
Pea, or vhole leaves, e r/ Cucumber, Vegetable Marrow, or 
prolonged leaf tips, e g Mutism (Compnsitae), Gloiio^a (Liliaceae) , oi 
sensitive leaf stalks, e g Clematis, Solanuin laaminoidcs, Maurcmdict, 
Tiopacoliun, Nepenthe'^ , oi modified 'stipules, e g Smila’h , or coiling 
loots, c 7 Vanilla Orchid The tenduls of Self-cling-ing Virgi- 
nian [Amptlopus leitthii) difter fioni those ot other Viigiiiian 

Cieepei^a in being branched, eacli branch ending in a sticky disc, so 
that this plant can climb up walls In Colxea suinduis, a greenhouse 
climber, tire tendrils are biancliccl and each branch ends in a hook , 
the tendril is very sensitive, and the hooks enable it to bold on to a 
support until it has had time to coil lound it 

Among root-climbers, Avhich send out negatively heliotropic 
attaching loots like those of Ivy, aie tlie following cultivated 
chmbeis —Booting Trumpet-flower {Tetoma 'iadiLann, allied to 
Bignonia), Poison Ivy {Rhns toxieodemh on, lathei like aTiiginian 
Creepei, but leaf vith tlnee leaflets onl^ , and then maigiii is entire or 
neatl} so), and the Climbing Fig [Fitiis itpen-,, ivitli small leaves, 
the cinnhing-ioolb secrete stick}^ juice, and as this dues the loot-tip is 
fiiml}'- cemented to the support) These root-elimbeis can, likel\3% 
climb up walls ] 

235. Parasites and Saprophytes. — In om Avoik on tlie 
uuti itioii of plants, we have so far dealt only with the inanii- 
factiue of food hj photosynthesis, the law mateiials heiiipf 
watei, dissolved eaith- salts, and atiaospheiic caihon dioYide, 
tlie eneigy leqimed toi the piocess being deiived fiom sun- 
light by means of chloiophyll Some plants obtain ilicir food 
m a totally diffeient waj", by living as parasites on othei 
living plants (oi on living animals in the case of acme bac- 
teiia), 01 as saprophytes on dead oiganic mattei 

Paiasites and sapiophytes aie distinguished as total or 
puitial, accoidmg to whethei they get the whole, oi part only, 
of then food in these ways Plants which have no chloiophyll 
aie necessaiily total paiasites oi sajiiophytes, since they can- 
not use iiee caibou dioxide, and must obtain caiboii in the 
toiin of 01 game compounds Puugi and bacteiia can usually 
obtain the nitiogenoiis paifc ot tlieii food fiom laiily simple 
mtiogen compounds — ecj salts of ammonia — and some of 
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tliem can fix tlie fiee nifciooeii of the an, hut foi then caihoii 
all cliloiopliyll-lebS pLmls appeal to he dependent on the 
oi^auic substances manufactuied hy plants which have 
chloiopliyll 

236. Total Parasites. — Doddei, Bioomiape, and Tooth- 
woit aie Biitish examples of floweiiug plants which aie 
practically total paiasites 

The Dodder {Giiscutii) belongs to the Convolvulus oidei 
The commonest Biitish species (G ejjitliymum) giows on Goise, 
Ling, Thyme, and Clovei The seed, which contains a thiead- 
like einhiyo, geiminates in spimg, sending a shoit ladicle 
into the soil, while the shoot lajiidly elongates and sweeps 
loimd in widening ciicles m the aii If it meets with a suit- 
able plant (the plant on which a paiasite glows is called, 
lathei iiomcally, its “host”), the Doddei stem, which is 
endowed with tendzil-like sensitiveness to contact, twines 
ci,round the host-plant and sends into it loot-like oigans 
(tei med luaistoi la, ui ‘ suckeis ”) which, hy means of feiments, 
eat as well as push their wa}^ to the bundles oi the host 

The wood- vessels and sieve- tubes of these oigans fuse with 
the wood-vessels and sieve-tubes of the host, and thus the 
Doddei diaws fiom the host its supjdies of organic food as 
well as water and salts Meanwliile the i adicle of the Doddei 
dies off The tbm leddish stem of the paiasite blanches 
copiously, healing small scales (instead of oidmaiy leaves) 
and numeioiis cliisteis of floweis If the Doddei seedling 
does not happen to leach a suitable host-plant it soon dies 

The Broomrape and the Tootliwort aie loot-paiasites, 
L e thou caith-ioots beai, at the ends of the lootlets, siickeis 
winch apply themselves to the loots of the host-plant and 
send in sucking oigans like those of Doddei The comiuoiieiit 
Biitisli species of Broomrape aie the G-reater Bx’oomrape 
(0 majoi), winch glows on the loots of sliiubby Pa] ulionaceae 
(Bloom, Groise, etc ), and the Lesser Broomrape (0 naiio } ), 
wliicli glows on Clovei and vaiioiis othei plants 

The Toothwort (Latluaea sqiuuncu la) has a oieeping 
uudeigioimd stem which blanches and beais ciowded fleshy 
leaves, while tlie eiect shoots beai llnii scaly leaves and end 
in a laceme of floweis The leaves coveiing the cieepiiig 
imdeigiound blanches aie hollow and aie beset inteinally 
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With bhoit glauduLai liaiis, which piobahly beive to exciete 
excess of watei absoihed fioni the loots of tJie host-plant 
(^usually Hazel), into winch the Toothwoit sends paiasitic 
loots The cniious hollow leaves of the Toothwoit aie often 
desciibed as tiaps foi insects, which aie siippobed to lie held 
fast and digested by the glands lining the blanching cavity 
of the leaf, but this is piobahly a mistake 


237. Partial Parasites aie plants which coutuim chloio- 
phyll and have oidinaiy foliaoe-lea\eb, so that tliey can iiiako 
at leabt pait of then oiganic food hy pliotosynlhesis, while 
they diaw then supply ot watei and dissolved baits fioin a 
host-plant AVlieu the seed of the 
Mistletoe (whose sticky fiints aie 
earned by the buds) geimiuates on 
iVW/ bianoli of a suitable tiee (Apple, 

Oak, Hawthorn, etc ), the laditle 
penetiates the host, and the woody 
tissues of the two plants become 
' continuous (Fig 64) 

/|f Seveial niembeis ol the Fo\glo\e 

.. f.i mily {So ujjlL'idcit laeeat^) aiepai tial 

^ , paiasites, their roots being attached 

to the loots of other plants, chiefly 
grasses, though (like the mistletoe) 
the ]3laiit has gieeu leaves which 
‘rlrrS:’' i.ianrm 0^“^ 011 photosyiitliebis Examples 

section aie the Yellow Rattle, Lousewoit, 

Eyehiight, Cow- wheat, and Bcutsm 
Most of these plants giow in swampy gi ass-fields, and vlieie 
then loots come into contact with llie loots of G-i asses, 


swellings aie foimed at the ends of the paiasite’s loots, 
horn which sucking piocesses giow into the giass-ioo1s 
The suckeis aie foimecl in spiing, and thiough the summci 
they absoib food fiom the living giass-ioots , duimg this 
time the sAvelhngs contain no staich In autumn the suckeis 
stole up leseivo food, deiived fioin the giass-ioots 

Anothei Biitish paitial paiasite, winch has sucking-ioots 
attached to the loots of Glasses and of vaiious other plants, 
IS the Bastaid Toadflax (Thesmm linapliijUum) , it is not 
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ueailj” so common as the plants just mentioned, and glows 
chiefly in dry chalky pastuies in the tooutli of England 

Examine the Mistletoe, if jiossible a ijlanb giowing on its liosttiee 
It IS slnubby, witli smooth gieen stem, lepetatedly foiked at the 
swollen nodes Each bianch beais t^^o opposite leatheiv gieen leaves 
{sometimes a ciicle ol thiee leaves) and lepieseiits a yeai’s giovtli, 
the leaves aie evergreen The floweib (Maicli-May) ai-e in gioups of 
tluee 01 five m the folks of the blanches The fruits upon in inter 
and have vhite pulp aiound a single seed, the veiy stick;y coating of 
the seed ple^ellts buds fiom swallowing the seed, which ihe^^ sciaiie 
fiom then bill, and if tin's happens on asuitable tiee geiniination occiiis 
The ladicle foinis an attaching disc fiom uhicli a suckei glows into tlie 
w'ood of the host and gues off lateial lOots which glow in the coitex 
and pioduce fuitlier siickeis into the W'ood 


238, Total Saprophytes — Butibli examples of totally 
isapiopliytic flowering plants aie the Bird’s-nest Orchid 
(Neottia) and tlie Yellow Bird’s-nest (^Monoti ojJOf allied 
to the Heatliei family) Both plants get then names fiom 
the nest-hke mass toiined by then niimeious clusteied 
loots, and both giow^ in shaded woods and plantations, 
Neottia in Beech woods, Mothoiioija in woods of beech, 
pine, and hiich Both have eiect flow’-eimg shoots beaiing 
biowm 01 yellowish scales instead of gieen leaves and ending 
m a laceme of floweis In both cases the plant can onh’- 
glow ni soil containing abundant decaying vegetable mattei 
(humns), and is enabled to use this foi its imtiition by 
the aid of a fungus wdiich infests its loots Humus is 
always penneated with the tliieads of fungi, and in Mono- 
fiojja these tlueads foim a dense felted coveimg on the loots, 
yvhile m Neoffia the thieads eiitei the coitex of the loot and 
actually giow in the living cells of the coitex 

Thus the floweimg plant is supplied with digested and 
soluble 01 game food which it could not ahsoib in the oidinai}" 
■way by its loot-haiis fioni the soil The fungus by its asso- 
ciation with the loots also gams ceitam advantages, such as 
sheltei f 10111 di ought, so that the aiiangement is an example 
of symbiosis, which may be defined as a mutually beneficial 
paitneiship, oi an association of two oiganisms in a common 
life to the benefit of each This paiticulai kind of symbiosis 
IS called a mycorhiza, 2 e an association of a fungus with 
tlie loots of a liighei plant Symbiosis must be caiefully 
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distiuguislied fiom pRiasitisui, wlieie one oigamsm lives at 
the expense ot anotliei 

Theie is no dividing line between total and partial sapio- 
pliytism, even Neotbm lias some cbloiopliyll 

239. Partial Saprophytes also obtain food by means of 
a mycorliiza, but since tliey have gieen leaves and tlieiefore 
cany on pbotosyntkesis, they aie not so completely dependent 
on the fungus- seivant 

The loots of most forebt-tiees, and of veiy manj^ othei 
plants especially those winch giow in tlie iich humus of 
woodfci and plantations, have an external mycoihiza like that 
of Monotiopa, while in Eiicaceae (Ling, Heaths, Bilheiiy, 
etc ) the mycoihiza is usually internal as in Neottia 

In the case of paitial sapiophytes with an external 
mycoihiza, it is piobable that the fungus-tiiieads act as 
loot-haiis, and absoib watei and inoiganic salts in addition 
to 01 game compounds The lattei are piobably chiefly 
absoibed for the sake of the caibon they contain, since the 
gieen plants can absoib caibon dioxide fioni the an Plants 
jnovided xvitli a mycoihiza piodiice few oi no loot-hans, bince 
the piojectmg fungus-tlneads foim a fai moie eifective means 
of absoibing food-mateiials than do loot-liaiis 

240. Assimilation of Witrogen by Iiegumiuous 
Plants.— The jiee nitiogen of the atmospheie, although 
abundant, is not made use of by tlie gieen plant Theie is, 
liowevei, one luipoitant order of floweiing plants, the Legu- 
minosae, in which the nitiogen of the atiiiotjplieie is induectly 
used It was foi a long time lecognised that legumiuoub 
plants Mould leadily giow in a soil coutaiuiiig little oi no 
eonihined nitiogen, and that as a matter of fact the soil ivas 
oftenei iicliei in nitiogen aftei a legiiimnous ciop had been 
grown These facts, which weie at flist extieniely puzzling, 
have now been explained 

Humeious small nodules oi tubeicleb aie found on the 
loots of thebe legiinimous plants When the tubeicleb aie 
caiefully examined they aie seen to be filled with small oval 
unicellulai bodies called bacteroids By some these aie 
legaided as bacteria , by otlieis as the ‘‘ spoies ” of a fungus 
They aie always present in the soil and infect the lootb of 
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legummoiis plants tliroxigli the loot-hairs In the loot-lians 
they give use to fine tiibe& xvhich, mahmg then way into the 
cortical tissue, stimulate it to active giowth and thus lead to 
the foiination of tubercles The <leveloping tuLeicles are iich 
in staich, and latei each leceives a bianch fioni the vasculai 
bundle of the root The bacteioid'^ found in the fully giown 
tubeicle aie developed inside the invading tubes 

Analysis shows that the tubeieles aie veiy iicli in nitio- 
genous substances, also in potash and jphosphoi us, and they 
seem to develop best m boils which aie poor m mtiogen 
compounds The lubeicleb do not develop in plants giown 
in gaideii oi field soil which has been heated so as to kill 
any oigamsms pieseut in it On the otliei hand, they giow 
on loots of plants which have been geiniinated in gaiden 
soil and then placed m cnltuie solution 

Tlieie can be no doubt that we have heie an example of 
symbiosis The fungus appaiently makes use of tlie liee 
lutiogen of the an, and hi mgs it into conibmaljon, ]ust as 
some true bacteiia do , and it is piobable that, wliile the 
leguminous plant gets the l)enefit of the uitiogen-compoiinds 
(nitiates) foimed, the fungus is sn 23 plied with caihohydiates 
(sugai) manniactiiied by the gieen 2)3aiit The aiiangement 
may be legaided as a special kind of mycoihiza 

Some sinking lesults have been obtained lecentb by Piofessoi 
' I • j ’ en a leading part in the investigation ot 
\ , ^ I ■ Eoi instance, two lots of Tare 

( ' ' 1 ot was inoculated with nodule- bacteria and 

liLinlcd in ■^tciilised sand to n liicli the leipnsite potash and ^ihoaphoius 
sails weie added The nutieatcd seeds neio sonn in sand containing 
mil ate of soda ni addition to polasJi and piios^ihate The seeds weie 
sovn in May , in July tlio Taics sn 2 >p]iGd v ith iiitiato ot soda yielded 
1 9% of inliogen, wliilc tlie inoculated Taics gave 3% ot nitrogen 
T' “ ■ field-plots ot Tares gave the following lesults in 

t N , . - , used, 3 41% nitrogen , 

( ' I ,e( ' * » , (3) inoculated seeds 4 04% 

nitrogen In the case of ficld-ciops the lesiilts aio less stukiiig, 
because fertile farm-soil alw.iys contaii ' Bacteria 

Piofessor Bottomley’s M^ork has ' ■' ' 

lesiilt plants other tlian Leguminosac can be ■ , ' 

nitrogcii-iixing Bacteiia Tomatoes Jiav'-e been made to ^iclcl a 
greatly inei eased crop by tliih iikmiis , the Bacteria were first ciilti 
valed 111 Tomato jiiico In AVlioat the Bacteiia can be induced to 
establish lliemselves in the iind {LO/let) ot the roots, though no 
nodules are formed. 
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]?uitlieL’ lufoimation legarding the woik of soil-Bacteiia is given in 
Plant Bioloqy, Chap III (“Roots and then Woik”) and Chap X 
(“ Biology of the vSoil ”) 

241. Carnivorous or Insectivorous Plants obtain pait 
of tbeir nitiogenous food by catching insectb in vaiious ways, 
by means of modified leayes, and aftei wards absoibing the 
soft paits of the insects The Biitish insectivorous plants 
aie the Sundews, Butterwort, and Bladdeiwoit 

The Butterwort (PDiguicula) has a basal losette of bioad 
leaves, whose upper sui faces aie coveied with sticky glands, 
while the maigins aie i oiled inwaids slightly Small insects 
aie caught by the sticky Iirpiid and washed by laiii to the 
edge of the leaf, which cm Is inwaids and encloses them, the 
glands then seciete digestive feiiuents, absoib the pioductb, 
and then the leaf becomes nni oiled again 

The leaves of Sundew {D}oseia) beai numeioiib stalked 
glands 01 tentacles which seciete a sticky fluid (Fig 65) If 
an insect adlieies to the tentacles, thev bend clown upon it 
aucl pom out a fluid which has the 
powei of digesting, and lendeimg solu- 
ble, albuminous or proteid substances 
(white of egg, meat, etc ) in a similai 
manner to that occurring in the stomach 
of an animal The secreted fluid is 
reahsoihed, together with the soluble 
nitrogenous pioducts (peptones) When 
digestion is completed, the tentacles 
resume then former position, and are 
then leady to captuie anothei insect, 
a pioce^b which may he lepeated several 
times The tentacles may be stimulated 
to movemeut by continued contact with 
any solid substance, but appaieutly no 
digestive fluid is secieted unless a suit- 
able 01 game substance — eg a piece of 
law meat oi of boiled egg-albumen — is placed on the 
leaf 

The Bladderwort (Utuculai la) is a submeiged watei- 
plant which has no loots, the submerged paits show no clear 
division into leaves and blanches, but aio fiuely divided, and 



Tentjxcleci ou the 
i iglit , iJ.ii titillj- indexed 
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the floweiing shoots piojei^t above the water The feuLiiiei gecl 
pails beai ciuioiis bladcleis, each with a tiap-dooi oi valve 
which IS easily opeued by a push horn the outside, so that 
small auiiiials (insects, watei-iiiites, watei -fleas, etc) cannot 
escape uuce thej’’ have enteied the bladdei When these 
aiuiiials die then soft paits decay and aie absoibed by 
blanched bans which occiu on tlie innei siiiface of the 
bladdei 

The leaves of Venus’ Ifly-tiap^ aie two-lobed, and the 
midub acts as a lunge Each lobe beais on its uppei siuface 
thiee long sensitive haiis, and when one of these liaiis is 
touched, the two lobes snap togethei, ]ust as one closes an 
open book, and captuie tlie insect that has caused the dis- 
tuibance (Fig 66) Digestion occiu s as in Sundew The 
leaves of Venus’ Fly-tiap aie only slightly sensitive to 
clienucal stimuli, but if the closing ol the lobes has been 



Iij, Uij — \ciiuV i'’l> i'l ii)(Dioiiiui imihLipulO 


caused l)y an iiiscct they pi ess tightly against each othei and 
hold the "insect fast (the inteilockmg teeth on the edges ofc 
the lobes pi event its escape after the sensitive bans have 
been stimulated), wheieas the closing lemams incomplete, 
leaving a wide space between the lobes, if the bails have 
been touched by, say, a pencil In the lattei case the leaf 
opens again, but if an insect lias been caught the leaf lemains 
closed until the digested pioducts have been absoibed 

^ A native of Caiolina, wlieie it giows in swamps , oUen cultivated 
in hut-lioiise& 


S 13 
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lu the Pitcher-plants, o£ ^vh.ld\l Ne2)enth€s (Fig 67) is tli 
be&t- known example, tlie whole oi a pait of a leaf is develope' 
as a pitchei with a lid attached to one side of the opening 
The bottom of the pitcliei contains water, usually swainnn 
with Bacteiia, and m Nejfjetithes a digestive feiineiit (pepsin 
IS secieted, so that the insects falling into this liquid ai 
hist diowned and then digested The pitcheis of Sa))tice)ih 
(Fig 68) aie also modified leaves, but instead of digestin' 
the captuied insects the}'’ seem simply to absoib the pioduct 
of then decomposition by Bacteiia In these and othe 
Pitchei-23lcLnts, the lids of the intcheis aie biightly coloiuec 
and seive to attiact insects, but they have no j)Ower of move 
ment, and cannot close when once they have opened. 
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The iim of the pitchei bears honey-glands, winch lieli) in 
attiactmg insects, below the iim tlieie comes a /one coveieil 
with small glands sunk in pits on the innei suiface of the 
jntchei, then comes a smooth slijijieiy legion, the lowei 
of which has bans pointing downwaids, and finally the 
lowest pait containing watei Insects ciawlmg over the 
gland-beaiing uppei legion soon leach the blip 2 )eiy zone, and 
aie pi evented by the haiis below this fioni ciawlmg uj) 
again, so that they eventually fall into the li(|uid and axe 
diowned 
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Most lu^ectivoiuiis pLiuts liAve euougli cliloioph}!! to 
eutible them, to make all the oigauic food the}’’ need, and 
they can giow quite -^Yell -^^dien not supplied -with insects 
When fed -with insects, law meat, oi boiled egg, howevei, 
the plants become stiougei, flowei moie fieely, and pioduce 
stiongei and iiioie nunieioiib seeds Most insectivoious 
plants glow in pooi swampy boil, which is usually deficient 
in iiitiates and otliei available nitiogen-compounds By the 
ClI ptuie and digestion of insects they obtain supplies of nitio- 
genous food independently of the soil, and can in this •\\My 
glow m localities which would otheiwise be unsuitable 

ZiXpeiiments with Snndew. — Select leaves which have laige 
chops ot the secietion on the tentacles, avoiclmg the cUih-ied leaves 
Avhicli aic too old to show the movements w’ell 

(rt) Ctiiefiilly ]jhioe a veiy small tuigment of raw meat on one oi the 
long outci tentacles, and watch the bending iiiwaids oi the tentacle by 
which the meat is hi ought towaicis the centic of the leai Bo any oi 
the otlici tentacles bencl tuwaids the piece oi meat ’ 

(/i) C.iicfully dubt <i little powdered chalk ovei the gland of a 
tentacle In iiiobt case^ no movement occnis, since the pat tide') only 
touch tlie sectetion and not the sin lace of the gland itself Place on 
ariotliei tentacle a small solid body, such as a small pai tide of sand, 
heav} enough to sink tin ough the secietion and touch the tentacle, 
does this produce any movement '' 

(c) SUike the gland of aiiotlioi tentacle with a match-stick Note 
that a single tap does not pioduce niovcinent Aitei watching the 
tentacle ioi about a imiuite, lap it icpcatcdly and .see whetliei inuve- 
inciit lesults 

(d) Cut oil a few leavcb and place boinc in distilled watci, othcis in 
watei made milky by stunng into it some powdcied chalks Aftei 
about o minutes, notice that the lea\ cs in the milky watei show bend- 
ing of the tentacles, while tliose in the pime watei show none oi vciy 
little Vaiy tins cvpoiimenb by hlling a iiaiiuw glass tube with watei 
and lotting di ops tail on a gland for about a minute, no movement 
occius, but if watei containing chalk is used, the tentadc bonds 
invvaids Hence the tentacles aic not sensitive to pine watei, but me 
sensitive to w^atei containing the finest solid pai tides 

(r) Place a minute piece of law^ meat in the centie of a leaf, the 
oiitei tentacles all bend in towaicis it On anothei leal place a piece 
oi meat about half way betvv'-eeii ccntie and edge oi the leaf, and iioto 
that the tentacle^ bend, not towaids the ceiitie of tlie leai, but tow'-ards 
the piece of meat Hence a stimulus leeeived by any tentacle la 
tian&niitted to the othei tentacles 
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QUESTIONS ON CHAPTER VIII 


1 Describe the oigans by wliioli six Biitish pLiiifcb climb 

2 WhaL aie tlie ad\ aiitagcs, and the clisachantages, of the climbing 
habit ' 

S Desciibe and compare modes of climbing in a twinei and a 
tendiil climbei 

4 Desciibc two Biitish examples in each case of {a) total paiasitcs, 
{h) paitial paiasites 

o Desci ibe two Biitisli e\amples in each case of (ct) total sapioph 3 des, 
{h) paitial sapioxih^'-tes 

G Dcsciibc {^i) the chief Biitish inseciivoious plants, (6) thicc loieigii 
iiiseetivoious iilaiits Compaie tlieii methods of woik 

7 Distinguish between the vai^nng clegiees of paiasitism found 
among tlio Biitisli Phan ei ogams, citing special examples of the foims 
you dcsciibe 
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FLOWERS AND THBIE WOEK 

242. Tile Work of the Flower. — We have ahead}- 
exaiinned the Bioacl Beau flowi, and we have been that 
aftei a time notliiiig is left of the fiowei except (a) the 
“yonug pod,” which becomes gicatly eulaiged and contains 
the seeds, and (h) the calyx, which leinams as a cup round 
the bottom of the pod Evidently the gieat woik of the 
flowei IS the piodiiction of seeds Aie any other paits 
besides the pistil concerned in this woilc, and, if so, vliat 
sliaie do they take m it You have noticed the yellow 
powdci (pollen) which is piodiiced in the antheis and is set 
iiee when they open, and which is then found inside the keel 
and on the upper paits of the pistil (style and stigma) Has 
tlie pollen anything to do with the pioduction of the iipe 
pod and its seeds Would the pistil glow into a fiuit, with 
seeds, if no pollen came into contact with it^ 

(ft) Effect of removing the Anthers — Flowcis vincli have not 
}et openeci nnist be used in these expeiimeiHs, because tlie anlheis 
bill stand shed then pollen at an eaily -itage Remove the antlieis, 
making suie tliat you pick oil the wlujle nnmbei, and tliat none ot 
tlieni have bill'll aheady To ple^ent pollen horn leacliing Uie pistil 
tiom anothci flowei, tie a small bag ot x>apei oi of fine muslin o'lei the 
antlieiless flovci, winch must, ot coiu&c, be allowed to loniain on the 
plant If tlie iemo\al ot the antheis lias been caiefuUy done, the 
iiowei will open niiicli as usual Tieat se\eial lloweis in this way, in 
case an\ damage is dune which might thiow doubt on the lesults 
Aie any SLcds tunned’ Leave some ot tlio antlieiless lloweis un- 
co veied" do an 3^ of these pioducc seeds ^ 

{b) Effect of removing the Stigma — Yon will have noticed 
pollen adliLiing to the uppei pait of the pistil, i c the style, especial^'’ 
lo the tuft ot haiis and llie little terminal piocess (stigma) just above 
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it Is tins end pait of tlie style the only pait capable of receiving 
pollen’ Open young floweis ^rith the same pieeaiitions as befoie) 
and leniove the iippei pait of tlie stjle, cutting ]ust belou the tuft of 
haiis, co^ei some of these stigmaless floweis with small bags, and 
leave otheis exposed Does this ahect the lesult? To meet the 
objection that the lemoval of the stigma causes injiiiy vhich might 
account foi the lesult, tiy the eflect of opening some young floweis 
and covei mg the top of the style with a small bit ot plasticine 

243. Pollination. — Tlie foiegoiug expeimieuts show that 
iipe seeds aie not pioduced unless pollen comes into contact 
witli the uppei part of tlie style — that isj, unless pollination 
occms Will pollen fiom tlie anthers of tlie same flowei 
suffice, 01 must tlie pollen come f i om anotliei flowei ^ 

(ti) Cover a 3^011 ng unopened flovei vith a papei oi muslin Img, and 
see vhethei seeds aie pioduced Tieat se^cial floveis in tins ^,0 
as to ha^e a nuiubei ot lesults on winch to base 3'oui infeiences 

(Zi) Place pollen on tlie stigmas of newl3'- opened floweis, using a fine 
hrusli dip the biush into boiling vatei betoie using it again eacli 
time (to kill an3’’ pollen lett on it) In some cases (A) place on the 
stigma pollen tiom the antlieis ot llie same flovei in otheis (B) bung 
tlie pollen fiom anothei flovei on the same iilant , in otheis (C) bung 
it fiom a flowei on anothei plant In tlie tuo lattei cases (B and C) 
the llovei s ovn antheis must be lemoved befoie the}’ ba\e opened 

Simple expeiiments like these show that I be Bioad Bean can be 
self-polhiiatecl (Ait 24 G), altliough sell pnllinatinn does not seem to 
occui so fieel}^ in tins jilaiiL as in vaiious otbci fultivaled plants nf the 
Bean tamil\ (Sweet Pea, Caidcii Pea, etc ) In the hit lei plants, 111 
faft, pollination icgulail^^ occui s botoic the flowei hud opens, so that 
ahundant seed is set in tlic cntiic absence of inseet-\ isitois 

244, The Essential Organs, — It i& now obvious tboji ihe 
oii\y paifcs of tbe flowei diiectly coiieeined in, and essential 
to, seed-ptoducfiou aio the stameus and the pistil Tbe 
lowest seed-plants {etj Pme, Laicli, Yew, Cj^cad^) have thou 
young seeds exposed (on flat scales m most cases) to the an, 
instead of being foiined within a closed chambei 01 seed- 
vessel, as 111 the Beau, and ilie stalks of tlie stamens cannot 
be cousideied as essential (they lemaiii undeveloped in some 
plants) The essential stiuciuies appeal , thei of 010, to he ilie 
aiitheis and the “ 3"ouug seeds ” We know tliat in the Bean, 
as m othei seed-plants, these ‘‘ young seeds ” do not develo2) 
into matnie seeds, but jieiish like tlie lest. of tlio flowei, 
unless pollen- gi am s aie jilaced on tlie stigma 
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245. Fertilisation, — In what way does the pollen-giam 



induce the ‘ young seed” (j)vule') to develop into a matuie 
seed ^ What happens when a polleu-giam is placed on the 



VASCULAR BUNDLE POLLEN TUBE 
IN STALK OF OVULE 

pjg 70 — UeMilopinLiib .iiul Sti iictuiu of 0 \ iile (“ \oung get-a ), LnngitnJiiul beclions 

stigma P We cannot give a full answei to these questions 
iiuTess we study the minute stiuctiue of the paits couceined ^ 

1 PiGpaial/ions of specimens showing feitilisation and embiyo- 
foiniation aie mcliided m the Plant Hiolofjy Set aj Mu>o^topt< 
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In eacli ovule a cell, tlie ecjq, is produced Wlien the 
flowei lias opened the stigma becomes wet and sticky, so 

that pollen- giains aie held 



Fjg 71 — rju\Ll.»pnient of E1HIJ130 in 
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on it Each pollen- grain 
glows into a long fine tube 
which bill rows down thi ough 
the style and eventually 
entei & the little opening 
in the ovule and its 
tip touches the egg-cell, 
which lies close to this 
opening, emliedded in the 
ovule (Figs 69-71) Tlie 
pollen-tube opens, and 
a male cell jiasses fiom it 
to the ego. cell and feitihse.s 
it, i e fuses with it Then 
tlie feitilised egg develops 
into the young plant (ein- 
biyo) , the pait -just outside 
of the enibiyo also glows 
to pioduce llie eudospeini, 
which may oi may not be 
absoibed by the emlnyo Ijg- 


A, Youutf SopJ (tuntL'J \\itli 0 m^tu put hIO 
sliowin^ Eiiibni* It iiiK u)]i\ II ciicl t>t 
cui\ul Fmbiydviio, ^ AfiUuji^ki, 

B r, Linbuo, G P, 

C ' ) 'I I f Stem, Siisp , Him- 

I ! I . I Cell, Cat, 0 <)iy ]6 

<1 M I , 1 . ) , I 


foie the seed iipons, llie seed 
being iioii-endospei mic (“e\- 
albiiinmoiis”) iii the foimei 
case, eiidospermic (“albu- 
minous ”) ill the laiitor 


(rt) Evamine tlic stigma of a Tulip (01 ntliei flo'^ici witli laigc stigiua), 
and see vhetliei it is net II^ so, sliake o\ei it some proidei, 0 v^ilom 
01 chalk, and then tiy to blow tlie pondoi oil Place a stigma on 
yoiii tongue, and sec vlietliei it is sucet Place a fev stigmas in some 
Feliling’s solution in a test-tiihe, and heat (test toi sngai) 

[h] Place some valei in natch glasses and add clillei out amounts of 
sugai, so as to get solutions ^ai ying in sliengtli fiom to 20 pci cent 
Into eacli jhace some pollen, ti^ ^aiioits ])iants In tlic ease ot llic 
Bioad Bean and the Sweet Pea a 10 pci cent solution is ahoiit iiglil, 
and in an lioin, 01 even less, you wntl see a skndoi thicad gio\ring 
from “^omc of the gianis , this is the pollen lube, v Inc li lesemlilcs a 
loot-han m appeaiance (Pig GO, n) p ^^u ha^c a micinscnpe, fi\ 
a nng of c.ndiioaid 01 ot ptistuine on n glass slide, put a diop of 
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sugar solution on a covei -glass, dust some pollen ni it, then inveit 
the co^ ei ovei t]ie i in^ The ch op will hang into a closed chamber, thus 
X31 eventing evapoiation , note the giowth ot the i^ollen-tubes 

(f) Tlie de\ elopmenL of the enibiyo is easily followed in the She|) 
liei cl’s Pulse, a veiy common veed which lioweis neaily all the yeai 
luimd Pick flow eis tiom v Inch the ontei paits aie falling oi have 
just fallen Open the 3 oiing fi uit and iemo\e the young seeds to a 
slide, then co\ei them vith a few diops of caustic potash solution 
Tease the seeds v itli needles, 01 pioss them undei a covei -glass, to 
isolate the cmhi^os Sketcli the stages obseived (Fig 71) 

246. Self-Pollination and Cross- Pollination — In the 

Bioad Bean, as 111 many otliei plants, it is found, on making 
expeninents in aitificial pollination, that it is hettei if 
the pollen comes fiom a flowei on auothei plant of 
the same species (ooss-poUumfLon) than if it conies fioin 
the antheis of the same flowei 01 fioin those of anothei 
flowei on the same plant The two lattei cases aie vei}’’ 
similar m then iP'^ults, and may be both included under 
the teiin self-pollination When ci oss-pollmation occuis, 
the I’esultiug bceds aie genei ally 11101 e mimeions 01 heaviei, 
and give use to strougei oltspiing (siipenoi in heiglit, 
weight, feitility, etc ) tlian is the case with self-pollmation 

In helf-polli nation tlieie is a niiving of piactically simikai 
cliaracteis, while in cioss-pollination tlieie is a mixing of 
moie 01 less dissimilai chaiacteis, especially when the plants 
that piodiice the male and female cells live fai apaifc and 
iiiidei diffeieut external conditions Also, any n&efnl vaiia- 
tion IS likely to be tiaiismitlod and even stieiigthened when 
c 1 oss-pollinal ion occ iii s It is , 1 liei e foi e, an advantage i o the 
species to >,ecuie cioss-pollmatiou, and we And many adapta- 
tions, some of them veiy leinaikable, which favoiii cioss- 
pollmaiioii and hiiidei self 'pollination 

247 How Pollen is Carried — Pollen-giains have no 
power of spontaneous movement When the antheis aie 
above the stngma, self-pollmation may occui (if the two aie 
mature at the same time) by pollen simply falling on the 
stigma, l)ut for cioss-pollmation the giains must be earned 
to the stigma of anothei flowei by watei, wind, 01 animals 
Watei -poll mat 1011 occuis only 111 watei-plauts, and only m 
a few of these, In tins counliy insects aie piobably tlie 
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only animals concerned in cariying pollen from flower to 
flower, but tlieie aie foreign floweis wlncli aie pollinated by 
buds (especially liumming-bnds), bats, and even snails 

248. Mechanism of Broad Bean Flower. — Heie cross- 
pollmation ib bionglit about by bees, winch may be seen at 
woik on the floweis if you ivatch plants gi owing in the 
open dining fine weathei Wmd-pollina.tion is out of the 
question in this case, since the stamens leinam enclosed m 
the keel 

When a bee alights on the flowei it stands on the two 
wing-petals, which bend down undei the weight of itb 
bod}^ Since the wings aie jointed with the keel, the lattei 
is also piessed clown If }oii caiefully watch the hee at its 
woik, 01 mutate its action by pulling down the tip of the 
keel, you will see that when this happens a mass of pollen is 
hrnslied out of the keel by the tuft of bans ou the style, and 
the stigma piojects fiom the keel as well Some pollen is 
deposited on the bee’s haiij" bod}'-, which also mbs against 
the stigma, if the bee lias visited anothei Bioad Bean flowei 
pieviously, some pollen will piobabh be left ou the stigma 
When the bee leaves the flowei the keel uses to its foimei 
position, and tliepiocess may be n few times wlieu 

othei liees visit tlie same flowei 

JNTotiee the long “ tongue” (pioboscis) wliicli the hee pokes 
into ilie lowei <^f stainen-tiough below the fiee 

stamen It is easy to see tins if you pull oft the standaid 
and caiefullj" watch the ne\t bee tliat comes to the flowei 
What does tlie ]iee find lieie If you take a newly opened 
flowei, leniove the calyv and coiolla, and jiull apait the 
stanieiutiongh and the jnst-il, you will notice tlie liquid whicli 
has collected at the bottom of the tiough Sugai is ju’esent 
111 this liciuid (the honey oi nectm) which is piodiiced In 
gland-cells at the base of tlie stamen- tioiigh 

The bee is guided to the flowei, in its seaicli for honey, by 
the white coiolla (easily disimguivshed among the foliage, and 
made moie conspicuous by the velvety Iflaclc sjiot on each 
wing-jietal) and also ]iy the fiagiant odoui ot the petals 

The coloLiied stieaks on tlie standaid help to guide the 
bee to tlie opening below the fiee stamen, but its lemoval 
does not 2^^^vent .i bee iiom tinding this o^iemug, as can 
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easily be seen by mabiug tbe expeiuiient These conspicuous 
stiealib and spots aie often called “honey-guides ” 

Since the honey can only be leaclied when the keel is 
piessed down witli some foice, and is piodueed at the bottom 
of the tube foimed b}^ the stamen-tiougli (closed above by 
the fiee stamen and the standard), it can only be leached by 
an insect with a heavy body and a fanly long tongue The 
flowei IS specially adapted to the visits of bees It is also 
visited by biittei flies and moths 

Sometimes a bee when woiking at the flowei s maybe seen to 
bite tliiougli the calyx-tube and inseit its tongue thiongh the 
hole thus made, thus reaching the honey vutliout enteiing the 
flowei 111 the “piopei ” way, ^ e from the fiont Many othei 
“ bee-flowei s ” {le flowei s speGiall} adapted foi bees’ visits) 
show neat round holes bitten out by the bee in its shoit 
cut to the honey, of which it lobh the flowei without lendei- 
ing any seivice in letuin 

249. Functions of the Calyx, — The calyx has tliiee im- 
poitant Uses in the Bean-flowei (1) It piotects the innei 
paits of the \ouug flowei In the bud, tlie siamens and 
pistil aie enclosed in tlie keel, tbe wings aie folded ovei tbe 
keel, and tlie standaid ovei tlie wings, and tbe Ctxlyx is 
wiapped ovei the outside of all (2j When the flowei opens, 
the coiolla expands, pushing aside the calyx-lobes, then the 
standaid cuives upwaids, and the flowei is leady foi the 
visits of bees The cab-'x then serves to bold tbe petals to- 
geihei and pi event tlieii falling apait (3) The calyx also pio- 
tecls the young fiiiit to some exteiiip fiom becoming diied up 

The cahx often rtssiimes other fuiutions, e cj the attrac- 
tion of iiihecls (Monkshood, elc ), seed -dispei sal (many Com- 
posites) 

250 The Parts of the Flower — The outer floial paiis, 
exclusive of the stamens and caipels, constitule the perianth, 
which may oithei be single oi, moie commonly, double If 
the oiitei senes of pait^^ in a double perianth aie distinctly 
diffeientiated fiom the innei, we teim tlie foimei tlie calyx 
of (usnnlly) gieen sepals, and the latiei 1he corolla of 
(iibiiallv) eoloined petaK In some flowei s with a double 
pei until, it is lin.ully possible to distinguish between the 
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sepaline and petalme paits {eg Tiihii) Some floweis, how 
evei, have a peiiantli which is composed of a single ring o 
senes of paits only, while otlieis have no peiianth 

The peiianth foims the non-essential pait of the flowei 
wheieas the stamens and caipeh aie the essential oigans 
and one oi both of these must be piesent to constitute t 
flowei A “typical” flowei possesses sepals, petals, stamens 
and caipels aiianged in single oi double alternating imgs 
each ling containing the same number of siinilai paits, bin 
fieqnently the paits aie ananged m a spiial, especially tlu 
stamens Floweis which have no caipels aie said to Ik 
“ male” or stamniate, tliose without stamens aie “female,’ 
caipellary, oi pistillate 

251 Periantli — This teim is sometimes used to incliKlc the 

cah'Tc and coiolla togethci, but moie otfceii it is applied lo the flowei 
en^ elope vlien tlieie is no distinction, oi veiy little, in coloiii and 
textiuo bctw’-eeii the outei and innei pxits of the em^elope, Foi 
instance, the peiianth ol Tulip and Bhibbell consists of siv siiiiilai 
coloiiied leavc'^, liee fioin eacli otliei oi onh ^liglith 

joined at the liase In Lilies and H^acintlis tlie ])ciianL)i is fftttao- 
jilD/Jlou^, consisting of a lowci tiihulai paifc and siv tiee IoIjcs In 
Lallodil and Naicissiis, besides tlie tube and tlie lobes thcio is i 
collai-hke oiitgiow LIi oi roiona at tlie iiioiitli ot tlie peiianth tube 

Kxarnino and sketcli the jiciiaiitbs nt tlie follow 1114 floweis — 
Tulip, HjMciiitli, Solomon’^ Seal, Snow di op, Lafii^dil, Naicissns 
(se\eial knuh, lo show \aiiatioii in foiin of coioiia, Fig S 7 ), ICaily 
Pin pie Oicliid, Bee Oichid, Twm^\ blade Oiclnd, Lady’s Slippci Oicliid 

252 Calyx — Tlie pnnntivc, 01 sinp^lcst, type of calyx consists of 

spuall3' .ananged sepah^ w hicli aiiso diiectly fiom the iccc})laclc, 
as ‘^inall giceii sessile leaves '’I’lie iiidi\idiial sepals inaj be fiee 
{pollJsC2)aloU'^^ cal^'x), 01 inoie 01 less u ^ - calyx) 

Howevei complete tlic union ina^ lie, the I loh take 

pail. Ill the foi Illation ot the cab \ is usually indicated ly the pointed 
teeth home on the uppei inaigm of the tube 

When a calyx is piosciit, it is iisiialb composed of tw^o (Poppy), 
thicG(Lessci CeUndine), foui (Wallflow'ei), 01 live (Bntteicup) s-epals 
Moic laiel}" the sepals aic niiniLioiis, and lebain tlicu pnmlLl^c spiial 
aii.ingenient (Watei lilies, Cactuses) 

The cal} \ common^ sel^cs to piotect tlic flowei while it is still 
301111", and lieuce, when the flowei opens, tlie sepals oilliei till oil: 
(Popp3}oi tiini back (DogPvOse) i\nothci of its tiiiiftioiw, liowexei, 
IS to piotect tlie de\ eloping tiuit, and hence it often pei usts until the 
flint Is foimecl, as in the Bean, Stiawbcii}", and Doad-neLLle A 
ganiosepalous cal3x afloida not onlv a innie ethcicnl. pioleetion to tlio 
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flowei-biid than a pol3"sepalous one, but also give^ suppuit and piotcc- 
tion to Uio base ol: the adult tiowei and to the developing ti lut Hence 
tin ^ ’ calyx nevei tails off when the flower is young lu 

“ ‘ ^ ' the calyx forms a red bladder round the fiuit 

When the flower'5 and "fruits aie closel3' aggiegated, the3" no longei 
need a piotectue cal3"x, which thciefoie becomes rpiitc small, as in 
Umbelliteis, and A\hena clo'3el3^ packed mass ol fiuweis is siniounded 
b3’' a ling ol plutectl^e biacts, the calyx ina3'’ eithei disappeai (Dais3'') 
01 be lepresented onl3^ b3^ haiito These liaiis in the Dandelion, Thistle, 
Hawkweed, etc , peisist altei floweiing, and loim a \\luGh is 
attached to the iipencd fiuit and aids m its dispersal 113 the 
Avind 

The sepals are usuall}- gicen, but the ‘ pctaloid” sepals of Monks- 
hood, Wmtoi Aconite, Ohiistmas B.ose, Laikspm, and Maisli Mangold 
aie brightly coloured, and take on the attiactrve function of the 
petalb, which are either developed as nectaries or aie absent 

Examine and sketch (1) the entiie cal3x, (2) the individual sepals, 
ol the lolloping lloweis — Buttercup, Lesser Celandrno, WalKiower, 
Sweet Pea, Goise, Mallow, Hose, Cinipietoil, Strawberry, Cherry, 
Dead nettle, Foxglove, Larkspur, Monkshood, Chiistiuas lluse, 
Winter Aconite 

253 Coiolla — The primitive corulLi consists ol a spiral of free 
petals, but in most plants this has been ciianged into a single whorl 
(Foxglove, Geranium) or, inoio iarel3'', a double whorl of petals 
(Poppy) The corolla inobecLs the stamens and carpels at the most 
cntical period of their oxiateaoe, and this is especiall3" tho case when 
the petals have giown together to form a Lube enclosing the essenliil 
organs The corolla-tube utten serves ns a receptacle lor hone3% wdiile 
the coloured portion attracts the Msits of insects As soon as lei- 
tihsation has occurred, the seeds begin to develop, and an attiacbive 
coiolla being no longer needed, it is usiiall3" iapidl3' shed Tho 
witheied corolla ma3', howc^cl, persist round the Iriut (e y Heaths, 
Planlaiiis, Clover) 

When the corolla is pol3^pe talons, the individual petals often consist 
of a nairow'- stalk 01 daw, and an upper bioadei 2101 lion, the blade 
or limb ( Wallflow’-ci ) The petals ol the Pink have a scal3f oiitgiowtli 
(ligrile) at the junction ol the claw^ and limb, and in Harcissiis tlieie is 
a ciiculcii CU21, or tojona 

The coiolla is said to be icr/ulat when all its iraits are siuiilai, 
incifiildi when tlie3'' diflei in shape from one another, and the same 
teimsappl3f w^hethei it is t^oly- or gamupetaloiis In Chi istmas Hose 
and Wintei Aconite the ])etals aie represented 1)3'- hollow nectaiict., 
and the &C2)als form the showy attractive iioitionol the flow^ci The 
nectaries are represented in the Butter cui") b3'- tin3^ jilaced 

behind a scale at the base ol tlie iniiei sin face of each 23etal Hence 
tho nectar res of the Christmas Rose are , ’ b’ ''■^d petals, as are 

iindoiibteclty the two i^oster lor ones ol 

Exaniiiie and sketch (1) lire entire corolla, (2) the individual 2)0 Lais 
if hee, ol the lluwcis meiitiuiied in Ait 2 o 2 
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254; TJie Audiecmiii i& Llie collective teim applied to the whole 
f bile stamens piesent in aii}^ single llowei Each stamen usually con- 
sists of tM^o paits, a stalk oi hla- 
menfcj find a head oi aiithei Tlicie 
may he no iilamenb, so that the 
anthei is sessile, oi the anthci may 
not cle^elop, ’^ihen what lemains is 
knoAvn as a i^taminocU oi stei ile stamen 
The anthei is usually clnided into 
t^v o halves oi lobes, in each of which 
aie two longitudinal compai Lments, 
lilledj Mhen iipe, nith pollen giuins 
When the anthei splits open, oi 
dcliiaOL^, the paitition between the 
pan eel pollen siics of each lobe bleaks 
down to a gieatei oi less extent, so 
that each lobe appeals to ha\e only 
a single ea\ ity (Eig 72) 

The prolongation of tlie filament 
between tho two lobes of the antliei 
IS teimcd the toiiRLChht AVhen the 
lobes aie close togethei, till's is nai- 
low , but in Labiates and some otliei 

The light aiitliei JuijBi&iqut^eutul pkiats the connects e IS elongated 
asboiugad„»ced d.iul the anthei lohe? ,uo 

nidelv sepaiated Special append- 
age's aie occasionally de\ eloped iium tlie conneefcixe , each anthei ot 
the Violet has a niemhianous oiaiige-culoiiied outgiuw Lh at its apex, 
and in addition each ot the two aiiteiioi stamens has an elongated 
pioccss extending dowiiwaids into tho spin of the aiiLuiioi petal 
The tip ot this piocess is glandulai, and sccictcs nccUi into the 
spill 

As a geiieial lule the ditfeient yUinieiis of a ilowei aio alike in 
length of filament Two of tlie stamens ot the 
UaUnowei, hoive\ei, aie shoitei than the othei tom [IciKtdt/- 
namoiu^), while tlie Dead-nettle has two long and two shoi t stamens 
{did?/namouc,) 

Tlie hilly glow n anthei hieaks open and allows tho iiollen 
to escape It usually happens that the wall ot each lobe splits 
longitudmally along the dividing hue between its two compai t- 
meiits, Imt in many Labiates the n-iiUiei opens tiaiis\ eiselv' In 
Potato, Phododeiidion, MilLwoit, cto , small poics aie ioiiiied at 
the top of the anthei In the Baibeiiy the Avliolc side ot each 
anthei -lobe bends iipwaids, in the Laiuel small doois oi vulves 
open at the sides ot the antlier 

Examine and sketch the stamens ot the tollowiiiir /loiioia — 
Butteicup, Goise Sweet Pea, Walloiv, Potato, Violet, Pansy, 
^allBowei, Rliododendion, Heathei, Dcad-iiettlo, Eoxgloio, id- 
slge’ Dioeiitra (•‘lileuluio Ileait”), Gaidoii 


Fig 72 — aiii Anthei with the top 
cut ort 



TLOWERS AND THEIJR. WORK 


223 


255 The G-yneciuni oi Pistil i& the collective ter. in applied to the 
caipels pieseut lu a flowei In its simplest fuiiii the pistil consists of 
cl single Cell pel, as in the Bean Such a caipel coiie'spunds to a leaf 
beaiing o\ ales on its maigins (Fig 73), a conch tioii in \\hiGh the caipels 
ot the rTymnospeiinoiis plant Ci/tab leinaiii to the piesent daj^ AVe 
might suppose that the highei floweiuig plants developed, the Uvo 
halves ot the caipellaiy leat became foklecl lougitiidinallvj and that 
then maigins giew togetlioi along a line known as the \ential sutuie, 
which beats a double low of ovules on the two inaigiiis of the leat 



1 ig 71 — 'iho JMouocaipLlJtLi y 
Phtil (i. (j BlcUI, K i) 
lig 73 —Cat pull. Liy A, Entiiu , B, TlaTl8^ oibo sectum 

Lc if witliM.ugmtil uf Ov.uj , C, Will nidiLatu 

0\ uIl-s iiiutliocl of fokliug 


The put pose ’ ’ s immediately obvious, tor the young 

ovules aio now ^ ■ ■ a hollow chamber known as the ovaiy 

(Fig 74), which IS toimed tioni the swollen basal poition ot the eaipel 
The apical poitioii ot the lattei foims a slendei pioloiigaLion of gieatei 
01 less leiigtli, the wdiicli usually contains a (tential canal conn 

mumcatnig wnth tlie cavity ot the ovaiy, but may be composed ot loose, 
solid tissue with no definite ceiitial cavity The 6tv}nm, oi apical 
poition of the style, is usually sw’o lien and coveied wnth bans (sbig- 
nuitic papdlac) The stigma toiiiis the lecepLivo suitace toi the pollen 
The doi sal sutuie of the caipel coiieaponds to the midrib of a leat, 
the cushion ot tissue along the venbial sutuie, fiom wdiicli the ovules 
arise, is known as the placenta In the Watei-lily, Flowei mg Rush, 
and a tew^ othei plants, the ovules aie scatteLecl all ovei the iiinei 
surtace ot the carpels 

The flow'-ei ot Butteicup oi Rose contcains seveial liee simple caipels, 
and the pistil is tlieicf 01 e teimecl apocaipoub When several caipels 
aie piesent in a flowei, they are often united to foim a compound oi 
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tsyuLCt) jMLb xii&bil The union may be confinecl to the 1 
(some Saxifiages), oi may include the entiie ovaij'' (Cti 
the stigmas may be tiee (Foxglove), oi all Ihiee ms 

united togetl 
A syucai 2 Joub 
divided into a ] 
bei-^, each con 
cavity of one 
tile Tulip ha*' 
and the ovaiy 
tluee chanibei 
ing a double ic 
The o\aiy o 
a Miigle ohariibt 
lb is, comiiosed 
as IS indicated by the jneseuce ot tluee gtoups of < 
in longitudinal lowia upon its wall When, as iii this 
aie attached to the Avail ot a coui^ioiincl ovaiy, 
tion, 01 aiiaiigenieiit ot the placentas, is said to 'b 
7 o) , but vhcii the ovules aii'se tioiii tlie lougitudi] 
centie ot the ovary, the placeiitation is said to bo 
c (j Fluebeil, Tulip It will be noticed that when t 
is civile, tlie ovules in each loculus aie deiived horn 
the caipellaiy leat that fuims this ohaiiibei, wlieiea'^ 
jiaiietal ijlacentation each gt 01121 ot ovules is denvecl fi 
ot two adjciLLiit caipellaiy 
leaves, hall tioni each In 
Uliichvveed, HtitclnvoiL, Cani- 
211011s, Piiiiiiose, etc , the ceii- 
tial axis ot the uvaiy docs nut 
leach the loot ot the lattei, so 
that the o\ ule.s aiipeai to ausc 
tioin .1 mound in the centio 
of tlie ovaiy, tins t3^2^o ot 
2ilaceiiLation is said to be Jt cc 
tenf) al 

The iiutnhei of clianibeis ni 
an ovai^f usually coiiesjiunds, if tlicie aie moie Lhf 
nunibei "of caipcls of u Inch it is conqiosed In Lcabiati 
licjwevei, each com2)aitmont of the bicar2>c.llai3' g^ net 
into two, so that theie aic tuiii loculi, but only two cai 
ovaiy of the Flax becoiiios similail^'' divided into ten cli 
of the live pieseiib at hist 

Again, 111 imiloLulai ovaiiesvvith 2iaiietal 2iIaceiitatioi] 
usually' coiiesponds to a single caipel The numbe 
stigmas often coiiesponds to the numbei of ooin2ionei 
the npe fiiiit lieciuently b2^1ds into as inaiiy pieces as th 

In White Watei lily the numcioiis petals, imss b^ giac 
into the 11101 e centiall}^ stain ciis, all being & 2 -»ii 4 il 

the leccptciele, 111 double Koscs the stamens, in doul 
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both ■?tamens and caipels, become petal-like , in White Clo\er the 
caipel sometnneg leniains open and pioduces gieeii leaves on its 
edges, m Gieen Roses, double Cheu^, etc, the caipels giov into 
giecn, ■w'hite, oi culoiued lea\es 

Examine and hketch (1) the eutiie pistil, (2) a cioss section of the 
o\ai3r, (3) a longitudinal section of the ovaiy, of each ot the tollovving 
floveis — Naicissiis, Tulip, Biitteicup, Maish Mangold, WalllloTvei, 
Ins, Violet, Pans;s, Mignonette, Dead nettle, roxglo\e, Snapdiagon, 
Chcii3^ Plumose, Stitclnvoit, Red Caminon, Sweet William, 
Mallow 


256. Cohesion and Adhesion, — ‘'Fiiaioia” between tlie 
paits of the same oi of diffeient whorls ib of common 
occmience When the paitb of the same whoil aie nnitecl, 
they aie said to he colie teat, but when union occiiib between 
the paits of diffeient whoils, the term adlietent is em- 
ployed 

Adhesion is not so common as cohesion, but m most 
iioweis which have a coiolla-tiibe oi peiiantb-tiibo the 
filanients of the stamens aie usually adlieieiit to the tube, 
so that the stamens appeal to an be fiom coiolla oi peiianth 
instead of fioin the leceptacle Adhesion between stamens 
and pistil occiiis in Oichids and a few^ otliei plants 

The apjiaient “fusion” of paits is leally due to the 
foimatioii of a iin^-hhe iipgiowth of the receptacle, cairymg 
with it the fiee paits of the }oimg howei, which thus appen.i 
to have a common base 

'Will a llic pails of the same wdioil aio free, the pcuanlli is poly- 
IDliyllons, the cab \ polys ej) aloiis , tlio coiolla polypetaloiis ; 
llio andieciiun polyanclioxis , the gyiicciuia apocarpous 

By cohesion (union between '•iinulai floial paits) the peiianth 
becomes gamcijliyllous , the cal^'x gfamosepalous , the coiolla 
gfamoijetalous , the andiccium monadelphous (stamens united by 
hlainents, e 7 Malloxv, Goise), cliaclelphous (nine stamens united by 
filaments, one fice, in mo^^ P t|''h'''ii !■ - i-'i loolyadelphous (stamens 
united bv filaments into - « < d I'Mm I[- e 7 Rt John’s Wort), or 
syngfeiiesious (stamens united by their antlieis, <? 7 Compositae) , the 
gjnecium syncarpoiis (the styles 01 stigmas, 01 both, usually lemain- 
mg ficc) 

Adhesion (umoii betw^een ch'^^umho pxibs) occiiis only between 
the and othei paits , tlie stamens aie epiphyllotis 

wlien united bx tlieii filaments to tlie peiianth , epipetalous when 
so united to the coiolla , gynandrous wdien united to tlie style 
(Oichids), 

s B 


15 
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257- Symmetry of the Flower. — ISTeaily all floweis are 
sjmmetiical, 'i e can be divided mto two coiiespoiidmg 
halves When it caa be so divided along one plane only it 
IS said to be bilateially syminetiical oi zijgomoi'pliiCj but 
when the flowei may be e(xually divided in seveial planes 
it IS ladially S3mmietiical oi achnovio'i pine In legaiding 
floweis fiom the biological point of view, we may lestiict 
these teims to the peiianth A flowei that can be visited 
f 10111 any side has a ladially s}raimetiical (“legulai’’) 
mecliauisin, wheieas that of a flowei which can be 
piopeily visited fioiii one side only is zygoinoiphic (“ir- 
legidai ”) 


258, The Floral Diagram. — The geneial stiuctme of a 
flowei and the aiiangeinent of its paits may be giaphically 
lepiesented by means of di awing s of veitical and hoiizontal 
sections The lattei aie always diawn as a gi oxind-plaii 
showing all the paits m the same flgme, and the teini 
“ floial diagiani ” is applied to them 

It IS alw^ays of gieat inipoitaiice in such diagiams to coi- 
lectly lepiesent the position of the flowei with legaid to the 
totem and biact connected wntli it The face of the flowei 
tuiiied towaids the stem is called the posteiioi face, that 
towaids the biact is the anteiior one Cohesion of paits 
may be indicated by connecting hues Difficulty is often 
expel lenced in coiiectly oiientmg the flowei with i eg aid to 
the stein, and it is useful to reiiiemhei that there is a single 
posteiior sepal in most, Dicotyledons, if we except the 
Leguininosae and also a, few plants lu which the posteiioi 
sepal has not developed The p>aits of the typical Monocoty- 
ledonons flowei aie aiiaiiged in leguki cycles of thiee, and 
the odd sepa,! is usually anteiioi 

Make the diagram of good size (at leatot 2 ins indiametei) 
To get a tiansveise section of a small ovaiy, do not lemove 
the sepals, etc , hut cut light acioss the flowei, holchng the 
flowei upside clown, and cnttuig thin slices with a lazoi oi 
sliaip knife (hegmnmg at the base of the flowei) until the 
inteiioi of the ovaiy is exposed In cutting a flower longitu- 
dinally tin ougli the middle, it is usualLy best to begin the cut 
at the base of the flowei 
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259, Tlie Floral Formula, — ^As a means of readily and 
lapicUy indicating tlie essential featuies in tlie stinctuie of a 
fiowei, what aie tnowm as floial foimnlae aie frequently 
< I ■ '' 'll these, together with the diagiam and vertical 
( I ■ section (with the parts labelled), will repre- 

sent all the essential featiues in the stinctiiie of the flowei 
without a woid of desciipiioii being necessaiy 

The spiibols 0 and f iefc>pectively denote ladially and 
bilateiaUy syimneti ical (zygoniorphic) flowei s The signs 
$ 5 9 lespectively denote staminate, caipellaiy, and 
heimaphiodite (“peifect”) flowei s The letteis K, C, oi P 
lepiesent the calyx and coiolla (or peiianth), A and Gr the 
andiecium (stamens) and gynecium (pistil), and the figiue 
following each letter gives the number of paits in each senes 
Cohesion is indicated b}*- biackets enclosing the numbei of 
paits 5 a hoiizontal biachet "^indicates adhesion between the 
pnits of successive whoils , a hoiizontal line above G- means 
that the ovaiy is infeiioi, a line below G that it is supeiior , 
the symbol co is used when tlieie aie imnierous paits in any 
senes The followung aie examples of floral foimiilas — 

Buttercup 0K6, C6, Aoo , Geo . 

Naicissus . . 0P(3 + 3),A3 + 3, G (3) 

Violet . .. tK5, 05, A5, G (3) 

Dead-nettle t X(5), 0(5), A4, G (2) 

Stitchwoit . 0 KS, 05, A5 + 5, G (3) 


Diaw Ihc (loial cliagiam and miLe the floial foinnila of the follow- 
ing fioMOis Lessei Celandine, Maisli Mangold, Laikspui, Bioad 
Bean, Goi&c, Tulip, Ins, Eail}" Piuple Oicliid, White Dead nettle, 
Foxglove, tSveot William, Piii-niose, \Vallllowoi 


260. Ferigyny and Epigyny, — The shape of the re- 
ceptacle 01 thalamus vanes veiy much in difteient flow^eis 
The leceptacle of the Bntteicup is convex, and the successive 
cycles of floial pa-its are placed upon it, one above the otliei, 
the sepals aiismg fiist and the caipels last Ploweis of this 
type aie said to be liypogynous, and the pistil sitjyeuui 
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(rig. 77) In such flowei':* tlie young and succulent ovaiies 
me exposed to vaiioub climatn. influences, including stiong 
winds, intense sunliglit, and rapid clianges of tenipeiatuie, 
an}'- ot wliicli may act mjm'ioubly upon tlie development of 
the ovules, if the caipeL aie thin and freely exposed Theie 
IS a tendenc} in most Floweiing Plants to jiiotect the ovaiy 
fiom the influences mentioned above, and tliis> tendency finds 
expiession in thiee distinct ways 



(1) The petals tend to unite, as also do the sepals, thus 
producing flowois of veiv specialised chaiacter (geneiall} in 
counexion with iiisect-pollination), in which the ovaiy is, at 
the same time, piotected to a ceitam extent fiom injuiious 
external influences 

(2) The leceptacle liecoines moie oi less concuive, and so 
encloses and ]notects the caipel oi caipc'ls, leaving the stigma 
exposed at tlie end of the style {erj Cheiiy, Pose) Such 
floweis aie said to be perigyiioiis, but in many cases only 
the maigmal portion of the leceptacle is concave oi flattened, 
so that the sepals and petals seem to have a common oiigm, 
while the caipels aiise fioin a pioniinencein the centre of the 
flowei {e(f Blachbeiiy) Inpeiigynous flowcis the pistil is 
attached to the receptacle by its base only, and it is still said 
to be super 101 even when theentiie leceptuicle is concave and 
only the stigmas pio]ect above it 

(3) The leceptacle giows a.iound the ovaiy so that Uie 
lattei becomes completely embedded in it, the style and 
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btigma leuiammg fiee Heie the ovaiy is said to he infenor 
and the flowei ejyujyRoas The ovaiy is thus protected, and 
an inci eased suiface is ofeied foi the passage of food to the 
developing ovules fioni the leceptacle 

Blake and sketch ’ ot the following floweis 

Butteioup, Naicissin ^ i Lark&piii, Dead-nettle, 

Foxglo\c, SnapcUagun, Eailj^ Pin pie Orchid, Violet, Pansy, Piimiose, 
Sweet Pea, Canteibiuy Bell, Bose, Clieny, Biamhle, Apple Detei- 
mine whctliei the lloivei is hypog^ nons, peiigynoiis, oi epig^nioiis 
In each case diaiv the floial cliaguun'and wiite the floial foimula 

261 Nectaries — A nectaiy is a mass of glandulai tissue 
which secretes siigaiy liquid (hone}^ or nectai) In most 
floweis the nectaiy is developed on the leceptacle When 
the flower is h-syiogynous, the nectaiy is usually a iiiig-like 
outgiowtli lound the base of the pistil (well seen in Tobacco 
Plant, Suapdiagon, etc ), oi it may be lobed or dmded into 
a iiuinbei of sepaiate glands (ji g Stoneciop) When the 
flowei IS epigynous, the nectaiy is usually a simple oi lobed 
ling or “dibc” on top of the oyai}^ while in peiigynous 
flowei s it usually lines the concave pait of the receptacle 
But nectai les may develop fioni, oa upon, any pait of the 
flower — sepals iii Hollyhock, petals in JButteicup and many 
othei Ibaniiiiciilaceae, stamens in Violet and Pansy, in the 
paititions betAveen the ovaiy-chainbeis m many of the plants 
belonging to the Lily and Dattodil families, and so on 

EKciimnc <and sketcli the necUucs ol the follownig floiveia Buttei- 
ciip, Lessci Cclandiuc, Cliiistmas Rose, Wintei Aconilo, Blonkshood, 
Lcuk'.pui, Violet, Pansy, Dead nettle, Snapdiagon 

262. Inflorescences — Floweis may either he solitary or 
may occiu in clusteis In the lattei case they aie usually 
subtended by special leaA^es teimed biacts Solitaiy flowei s 
may lie eithei teimnial, as in Tulip and Daffodil, oi may 
aime m the a\ils of oidmaiy leaves, as in Pimpeinel 

The blanching of an infloiescence may be eithei cymose 
01 lacemoso In laceniosc lufloiesccnces the main axis is 
stout ei and lougei than the lateial ones, ivlieieas m the 
cyniose type the lateial n^es biauch inoie than does tlie 
main a\is lj03^uiid them The gioAvtli of the mam axis is m 
tins case stiictly hmitecl, and it heais usually one or tivo 
lateial axes, not many axes as in most lacemes 
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The oulei of floweimg Uhimlly follows the oulei of 
development, and hence the oidei of tloweiino m laceme'^ is 
centiipetal, wheieas that of c}mies is centiituoal In the 
fiibt case the youngest floweis aie neaiest the apex (m a long 
iniioi escence) oi the centie (in a flat- oi lound-topped iiifloi- 
escence) In the second case the youngest floweis aie neaiest 
the base oi outside of the infloi escence 

The simplest t}pe of laceiiie con&i&ts of an elongated a\is oi 
jiedimclc ■w Inch heaiij -stalked flo^\els> (stalks about eijiial in length), 

t q Foxglo\e, Hyacinth IE 
the bianclics ot the paient 
a\is blanch again so that 
each secon(Iai3 a\js beais 
se\eial lilos-ioms instead of 
one, M e lla^ e v hat is know n 
as the compound laceme oi 
panicle This is the most 
pLinutne type ot infloies' 
cence, foi it is leally the 
niochhed uppei legion ot the 
plant, wheieas the simple 
laceme is inoie highl}^ diflei' 
entiated and has liecome 
Fig TS— ACoijinb, simple Iw reduction Maiij'' 

teims have been applied to 
lacemose infloiescences wdiich look peoiiliai at hist sight, but on 
tuithei obsei\ation aie seen to dillei in small ileL.iils onl^'" Tiic 
iiioie impoitant of these aio— (1) Corynib, avis elongated, ilowci- 
btalks unequal in length, bunging tlie Howcis to aljout tlio same 
le\el (Fig 78 , Cand^tult), (‘2) Spike a\is elongated, iloweis sessile 
(Plantain, Oichids) , ( 3 ) Catkin a spike bcaiiiig unisexual llow^eis 
of one kind [W' illo^v, Ha^el) , ( 4 ) Spaclix 
a spike with fle&h}^ axis, usiialb^ beaiing 
unisexual floweis, enclosed b^ a laige 
biact, the spatlie (Aiuni) , ( 5 ) Simple 
umbel axis shoitencd, floweis stalked 
(Fig 79, Cbeii} ) , (6) Capitiiliun , axis 
fahoiteiied and expanded, flow'eis sessile 
(Composites) 

Cyniose infloiescences aie those in 
wdiich the axis ends in a flowei altci Fjg 7'> —A Jsnnple Umtul 
healing one, tw^o, oi moie dauglilei-axcs, 

each ot winch may icpeat the piocess The daiigh Lei -axes may tome 
ott singlj (iiuiparous cyme)- c 7 FoigU me not and othci Poiagcs, 
Sundew' , 01 in opposite ])aii& (biparons cyme) — f <j Stitchwoit and 
Campion Faniilj , Red and Yellow Centians , 01 in whoils ol llncG 
01 more i^ninltiiiai ons cyme)— e 7 Eldei 

Examine and sketch the vauous kinds of flat-topped inflorescences 
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met with, noting that plants with infloiesceuces of tins kind aic tumid 
in many difteient Oideis— e g Cuicifeiae (Candytuft, etc 1, Poosaceae 
f Chei 1 y, Rowan, Meado^\ s weet, Haw tlioi n, etc - 
LohLi>, etc ), TJmbelhfeis, I\y, Hogviood, Elde • • 

>bheep’&-bit, Compositae, etc 

It seems piobable that all cj mose infloie'rjcences have been deiived 
tiom lacemose ones by a shoitening of the main axis and a delay in 
the development ot the lateial bianche'^, to "N^hicli the mam po'v^el of 
giowth I'a at the same tune tiansfeued The c^nnobe infloiescence 
IS ceitainly an advance upon the laceniose type, £ui in the toiinei 
new floweis continually a^ipeai on the exposed smface of the infloies- 
cence, vhile the fiuits iipen seciuelj" buiied among the oldei paits 
ot the mass of branches The tendeno3 lacemes, on the otliei hancl, 
IS to sinuiltaneous floweiiug, such as is exhibited inoie or less 
peifectlj b}’’ so many umbels and capitula and especial^ by coi^mibs 
In such cases tlieie is an evei -pi C'^ent clangei that the shoib peiiod 
of floweiing may occui at a time ^^hen the conditions aie not suitable 
toi the pioduction of feitile 
seed 

Raceme'll such as those ot 
the Wallllowei, in winch the 
low Cl flowei s nui3 open montlia 
betoie the apex of the laceme 
ceases floweiing, do not mom 
this dangci, but the exposed 
position ot the 3 oung succu- 
lent t lints 13 an obvious dis- 
advantage heie and m otliei 
Cl ueifcei s also If the gi owing 
point of a 3^0Lmg laceme is 
destioyed, the powci of pio- 
ducing floveis ma3^ he tem Tig su — A ComiionuU Umtol. 

poiaiily lost, wheieas the 

destuiction ot the apex of a 031110 involves the loss ot a single flowei 
only, and the lateial axes continue then giowth vitli even gieatei 
vigoui than befoie 

Compound infloiescences aie those in which the lateial blanches 
aic again blanched m the same vay as the paient axis The com- 
monest kinds are ( 1 ) Panicle (laceme of laceines 01 spikes), common 
m Glasses , (2) Compound spike (a spike of spikes), m some 

Glasses, e 7 Wheat , (o) Compound umbel, much comiuonei than 
the simple uinhel (most Umbellitei ac, Fig 80 ) 

In many cases mixed inflorescences occm— as, ioi example, 
lacemcs ot spikes, capitulums, 01 cj ines, spikes ot capitulums, etc 
It must, hovcvei, lie borne 111 mind that theie aie 01113" tliiee mam 
L^pcs ot infloiescence, and these aie (1) llie laceme, vuli its leduction 
den\ati\es giuiiped aionnd the geneialiscd panicle t3"pe , (2) the 

bipaioiis cyme, (8) the nnipaious c3me “Mixed” mfloiescences 
aiise ouing to the fact that ledncLiou 01 alteiation has imequall3^ 
aflected the ditleieut paits of the piimibne iianicled infloiescence 
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The mawesceiKe of the gaiden Geiamiuii {Pdaxjomum) and of mMiy 
Naici^si le^eiiiljles an mnbel, but the flowci^. in the appaiciit umbel 
aie leally aiiaiigecl m little clu’^leiy, so that the whole iii' 

floiescence has been teimecl an iiinbellate c} mose head 

The aiipaient flo'wcis of the iSpnigc /ji«) aic leally^inlloi- 

Gbceiiceb which aie tsometiiiies teimed cjathuim'i (Fig SI) Jtacli 19 

suiiouiidocl h} a cup-shaped iiivo- 
lucic toLined the union at live 
biacts Foul cie-aL-entic glandului 
bcales occui at the maigiu ot the in 
\ oliicie between foui ut the biacts 
Iii^iide the cup tlicie ax>peai to be 
a niimbei of stamens and a single 
u^ ai ) boi ne on a stalk 'J’lie Littci 
lb leally a caipcllaiy llowei, and 
each nt the toiinei coiiospoiids to 
a single stannnate Jlowei, as is 
indicated by the fact tliat each 
stamen is aiticulatcd to a shoit 
stalk, and that at this point a small 
scaly bract occius In some allied 
plants a small jieiianth is iiiesciit 
at tlic base oi eveiy stamerij which 
cleaily shoM s that eacli ot them coi- 
lespoiids to a single 1 educed 11ia\ ei 
The occiurcnce ot biacts, and tlie positions 11111011 they occupy, aie 
icatuies ot gieat mipoi Lance 111 deteumuing the natiuc ot coniiiuund 
01 inivecl intloiebcenceb Biacts aie Ubuall;y giccn, and smallei and 
simplei than the toliage-leaves Jii bome iS.igcb tlio> aio hiigliLly 
coloiued, and take on the attiactiie iimetion ot a coiolla ^J’liey an 
absent fiom most Ciiicifeiae and F.ipihnnactac, and the llm\ eis (lloi els) 
of most Umbfclliteiac and Compositiie aie luaclk-s hJonieliiiie-. a sciies 
ot specially modified leaves which do not subleiid iloivcis, and wlm ]i 
tlieiefoie aie, stiictly speaking, not biacts at all, aio gi oupul aioiind 
the inhoiesccnce Thiib the end of the Daisy 01 Dandelion has a ung 
01 uiroliicie of gicen ‘“biacts” aioiind it, altlioiig]i llio nidivitlnnl 
floiveis have none In the head ot the iSiinflowd, howevci, cmli 
llowei aiises in the a\il of a tiue scaly inact .Soinclimcs, as in 
Naicissiis, xliuiiis, and Palms, the cntiie iiilloLcscciice ib liicIom d vlicii 
young by a single huge ‘biact” ni sp.itlu' 'J’hu latte 1, Iiowcm i, m 
simply the iippeimost leaf on the stem, and it is not a tine hi act al all, 
foi the infloiescence ib teimiiial and not a\illaiy 
The student will usually have little tiouble in making out tin 
natiiie of anj’’ infloiescence if tlio loiegonig jiaiagiajihs lane been 
niasteied Specimens of all tho iilanls mentioned should be e\aniiue(l 
( ‘ 

J > , (cymoHo), Foxglove, Blmfliell, 

VVallflowei, Candytiitt, Cheny, Couslip, ivy, Cow Paisnip, iVlai 
goniiim, Stitchuoit, Cliickweed, Sweet William, Jiildei, Willow, 
Plantain, Simflowei, Daisy, Spnige. 
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263- Contrivances and Conditions favouring Cross- 
Pollination, — Tlieie aie m flowei.s many coiiditionrf, 

and meLliam&ins, the faignificance ot winch hecoineb cleai 
only on the view that cioss-xxdlmation is advantageous, and 
that the floweiss have become adapted to it Such mechan- 
isms, etc , eithei entuely j)! event &el£-x)olhnation, oi tend to 
do so, and aie distinct adaptations foi cioss-polhuation 

To commence with, in many plants cioss- pollination is 
absolutely necessaiy if seed is to be piodiiced, owing to the 
floweib being unisexual The staminate and x>i'i'tillate iloweis 
aie Gitliei on the same jilant (the mo^ioecions oi monoicons 
condition), e cj Oak, oi on ditteient plants (the dioecious oi 
dioiLoiib condition), e rj Willow Some plants aie self-sLeiile, 
^ e the flowei cannot be feitihsed bv its own pollen , this 
occiiis 111 some species of Passion-fiowei , of Lobelia, of 
Abu til on, etc 

Dichogamy is a condition in which, though the flowei s 
aie lieiniaphiodile, the antheis and stigmas come to matuiitv 
at difleient times, and which, when eomxiletely developed, 
entuely prevents self-pollination Tlieie aie two kinds of 
dichogamy {a) protaiidry, wheie the antheis iijien fiist 
heie the xmlleii giams aie tiansleiied to an oldei flowei , (jb) 
protogyny, where the stigma iipeus liist here the x^ollen 
giams aie tiansfeiicd to a youngei flowei Piotandious 
lioweis aie much moie common than piotogynous Examples 
of the foiuiei aie found in Composites, Labiates, Haiebells, 
Ivy, IJinbelliteis, Willow-heibs, etc , of the lattei in Plan- 
tains, Woodiush, Figwoit, Hawthorn, Gluistinas Pose, etc 
Wind-xiollmated flowei s aie moie often piotogynous than 
Xnotandious, but many aie unisexual 

Wmd-polliuated and insect-pollinated flo^\-eis have each 
sjieLial chaiacteis of then oi^n, so that as a lule we can dis- 
tinguish them at a glance In wmd-x)ollinated flowei s the 
pollen IS pioduced in gieat abundance, as much of it must be 
wasted , the flowei s aie small and inconspicuous , theie is no 
honev 01 peifimie , and fieqiieutly the stigmas aie blanched 
and ieatlieiv, to catch the pollen giauis See Ait 273 
‘The gieatest vaiiety, howevei, is shown in insect-pollniated 
flowei s , tlicie IS no difhculty in lecognisiug iliese as being 
the most highly specialised As a lule they have laige, 
conspicuous, biightly colonied coiollas, oi aie airanged in 
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conspicuous infloiebcences , they usually se 
give out pel fume Pollen is not usually pi 
ah undance, as the piovision foi its tians 
peifect The hiight coiollas, the jpeifume 
to attiact insects In letuin foi the sei\ 
insects the floweis saciifice pait of then nu 
m pioviding food to the insects (honey and]^ 
cl tuithei Sciciidce of mateiial in develop 
peiianth which will attiact the insects 

A honey lebs hut otheiwise lusect-attia 
souietmies called a pollen-flowei,” exanipL 
Poppies, Pog Rose, Rock-iose (not a tii 
Anemone, Tiavellei’s Joy, St John’s Woit 
Meadow- bweet 

In many cases the coiolla is so modifiet 
must alight on the flowei oi enter it in a 
Labiates, Papilionaceae) , the same lesult me 
the secietion of nectai into special leceptac 
Violet) , oi the insect, on enteiing a flowei 
special processes oi outgiowths which move 
bung the antheis in contact with its body {I 
The geneial lesult of all these devices is tl 
ceives the pollen on a special pait ot itb b( 
enteis anothei dowei the pollen is deposits 
In many piotandious flowei s this is secui 
bending ovei so that the stigma is in the ] 
occupied by the stamens 

The condition known as lieterostyly is see 
which has two types of flowei borne on diffei 
kind has long stamens (with antheis m t 
coiolla tube) and a shoit style , the other 
and shoit stamens , thus in the two types 
antheis and stigma aie simply leveised ] 
ation will be most leadily effected by tian 
these two foi ms, and not between two fio-\ 
foim, and expeiimeiit has pioved that 
pioduced when this is the case 

In the Piimiose there aie two kinds o 
the dtmoti}hic type of heteiostyly In P 
theie aie thiee — with long, sli 
styles, this is the himoiidiiG t^’-pe Het 
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albo occur m Luug^\oit, Bog-beau, Buckwlseat, and Blax, 
these caiG dniioiphic, but some species of O.wlis (Wood 
Soil el) are timioipliic like Ljjth'ium 

(rt) Evanune floweung plants in which the staiuiiiate and pistillate 
floweib aie distinct and 
eithci occui on the same 
plant, c 7 Hazel, Oak, 

Pine, Beech, Biicli, Dog’s 
Mciciii}, 01 on difteient 
plants, e q Willow, Pop- 
lai, Red Campion 

{!)) Examine Haiebell 
(oi Canterhury-beU) 
floweis of difteient ages 
and note how the bioad 
bases ot the staineiiia covei 
the lioney, how at fiist 
the antlieis suiioimd the 
stj le and shed the pollen 
it and then tall out- 
Maids, and how the stig- 
mas then sepaiate (stage 
shown m Eig 82 ) hlake 
siiiiilai obsGi^ations on 
the piotaudions floweis 
ot Cow Pai snip, I\y, Willow-lieib 

(o) Examine the flo^\cls ot Woodriisli, and note the tluee large 

teatheiy stigmas ’whicli pio- 
tiiide fiom the flowci betoie the 
stamens come out Hote tlie 
scaly peiianth , the floweis ate 
u iiid-pollinated 

{d) Make caiefiil obscivations 
on the hte lnstoi3'’of a Flantaiii 
spike (Fig S 3 ) When the sta- 
mens of the luu ei (oldei ) flow ei s 
hang out, aftei the uitheniig ot 
the stigma‘s, the stamens of the 
uppei (youngei) floueis aie still 
111 the bottom ot the coiolla tube, 
and the stigmas p • - ' • _ al- 
M aids and i tad\ I [ i H i 

l' T ' I ' ’ 

scented , these aie sometimes 
Msitcd by insects foi pollen 
Otlieiuise the Plantains aie wind pollinated 
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(e) Examine tlie floweis of a Violet and a Pansy {Fig*? 84, 85) 
Note the five fiee gieen sepals, eacli pioloiiged helow its inseitiou , 

the live flee petaE, of ■wlucii 
the two nppei iiaiis aie lop 
sided V lule the lov e^^t petal is 
fc, 3 minietnLaland beais a s]>m , 
the five vStanieiifa, almost stalk- 
less, tlieaiitlieistoimniga iing 
Louiid the OA 11 y and each 
healing a t-iiangiilai oiaiigo- 
coloiued scale on lop , the two 
iiectiiies, Avhicli giow tiom 
the hacks ot the two lowest 
stamens and piojcct into the 
spin , the onc-Glianibei ed 
oAaiv, containing inimLious 
o\ Lilcs on thiee paiielal pla 
cciitas , tlie style, with its Lieo 
end thickened and pioduecd 
into a beak ivliich piojccts 
be 3 ond tlie cone foimed by 
the anther-scales and liaiigs 
o\ei the eiitiance to the spin 
Nkctcli (1) theiiiiiei siutaces 
ot ail nppei petal, asidei>etal, 
and the spniied liont petal, 
cUtaclied , (‘2) the entianco to 
tlie spin, slioAMiig the pai ts 
alioA e, below, and at cadi 
side, in then iiatnnd ])osi- 
tioiis , (o) tlie spill cut open, displaying l!ie neetaiies , (1) one ot the 
thiee uppei stamens, (3) one ot the low^ei 
stamens , (6) the pistil in side a icav , (7) the 
oval} cut acioss 

The floAA^ers aie pollinated by long-tongued 
bees The aiitheis open by slits on then niiiei 
faces, and the pollen, aaIucIi is loose and diy 
(not sticky as lu mostirisect-pollinatcd floAvcis), 
falls into the caAit}*- (“pollen-box”), Avlncli 
lies aboA’-e the o\aiy and is looted in bv the 
fix e anthei -scales The pollen can only esca]ie 

fiom the ‘box,” thioiigh the space lietA\eeii 
the tips ot the scales and the uppei ]iait of 
the style, Avhen the piojecting style-tij) is 
moAed about A bee enteis the flow ci, pokes 
its tongue into the spin in scaicli of lione>, 
mbs against the stigma, shakes the enued 
style, and causes the pollen to chop on to its 
head, at the same time placing on the stigma any pollen it lias biougliL 
fiom a pieviously visited floAvei 


e 
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It the flo-wei -stalk weie eiecb, not only 'n^oiild laiu get in and spoil 
the pollen and honey, hut the pollen would not fall into the ‘^pollen- 
box ” It the pollen weic sticky, the giains would oling to the antheis 
and 'would not be touched by the bee 

The flow eis aie lioDioffamoiib^ hinoo the style-tip is leady to iecei\e 
pollen at the time the antheis open, but '^elf-pollination is hindered 
bj the piojection of the style be 3 ^ond the “pollen box ” 

In Violets the antheis '^iniplj^ touch each othei, edge to edge, so 
that some pollen ina}’’ escape bet’ll een them , but most of the pollen can 
onlj^ escape thiough the small ciiculai slit between the style and the 
tips of the anthei scales In Pansies the antheis aie fiiml^’- joined bj’- 
the bans on then edges, and the pollen escapes by an opening betiv een 
the scales of the t'wo lowest an tliei^«, but this opening is separated 
fioiii the stiginatic opening al)o^ e it b}" the stigma hp (“ sciapei ”) 

Inmost Viola species plants piotected against insects seldom hint, 
but thcie i'5 nothing which absolutely pi events self-pollination by 
insects Msiting the flowei in the piopei waj” The entiance ot 
imdesnable insects — small insects wliicli w'ould not be likely to effect 
cioss-pollmation — is limdeied by the liaiis on the de-petals and (in 
Pansie-:,! on the side-^ of the stigma , the opening ot the spin is fuithei 
piotected bv the ovcihanging st\le-beak oi the “ sciapei,” the naiiow'’ 
gioo\e on the spin petal, the haiis lining the entiance and cavity ot 
tlie spill (which species show one oi moie of these teatuies most 
maikedl}’’"''), and, ot coiu^e, the length of the spin itself On the 
other hand, the visits of long-tongued insect'^ are encouiaged b^’’ the 
conspicuous oiaiige-colouied cintio of the flowei, heightened by 
the daik stieaks ( ‘ hoiicy-guidcs ”) w^hich stand out vividl^r fioiu the 
othei wise light-colouied bases ot the spin -petals and side-petals 
f ” ^ ‘s) ar}d which (since they follow the veins) converge 

(/) Examine the j’^ellow" floweis of Barbeiry, noting the aiiangement 
of the flowei -paits in thiees What peciiliaiity is “tihown by tlio 
stamens’ Push a pointed pencil oi match-stick into the flowei , imi- 
tating the action ot a bee oi wasp pioLing toi the honej" at the bases of 
tile Htamens, and notice w'hat happens The l>ase of each stamen is 
scnsitnc to a touch, and tlic sLaincn lesponds spiinguig imvaids 

264, Special Arrangements for Self-Pollination. — 

Many annual plants cannot affoid to undeitake the iisaks and 
saciiffces attendant on ciobs-pollmation, and aie commonly 
self -pollinated (e q CTioimd&el, Chickweed) They have 
small floweis, often without honey oi smell, and aie either 
homoganious — that is, their antheis and stigmas matin e 
at the same time — oi so slightly dichogamous that self- 
pollination IS seeme Even in floweis evidently adapted foi 
ci oss-polliiiation theie is commonly the possibility of self- 
pollination as a last lesoit Many of tliem. aie distinctly 
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dicliog anions, lint not completely so, theie being nsnally a 
slioit peiiocT dining wliicli self-pollination becomes possible 
To effect tbis tlieie aie sometimes special contiivances, sncli 
as tbe cmling back of the stigmaa. to leacli the pollen, e tj 
Love-in-a-Mist (Nujella'), Composites, CauipauiiLiceae 

A veiy special adaptation foi self-pollination is the pio- 
diiction of cleistoganiic flowers. These aie closed flowers 
pioduced late in the year by ceitain plants which had 
pievioiisly piodiiced oidinary floweis — eq Sweet Violet, 
Wood Son el, Henbit Dead-nettle {Lam mm aniplexicaule) 
They aie small and inconspicuous , the calyx iievei opens, 
and the stamens and pistil aie developed m a closed case 

In our study of flowei -mechanisms we aie too apt to foiget 

(1) that self-pollination occuis legulaily in floweis which aie 
neitliei unisexual, completely dicliogamous, noi selt'-steiile, 

(2) that it IS laiely much infeiioi to cioss-pollmation in its 
lesults, and (3) that it is always better than no pollination 

In Violets the flowering-period of the oichnaiy msect- 
pollmated floweis is shoit (laiely moie than six weeks) 
and the numhei of floweis pioduced is small — especially 
in Sweet Violets, in which flowei iiig only lasts foi a month 
and a plant pioduces onl}^ about six floweis, each flower 
lasting ahout a week in a coiichtion leady for polhnation 
Except in veiy had weathei these spiing floweis aie visited 
and polhnated by bees, but flowei mg does not stop w'hen no 
moie of the oidiuaiy flow^eis aie to be seen The plant goes on 
p] oducmg flowei -buds until autumn Those which succeed the 
eaily (noimal) floweis do not open but aie self-polhnal ed, so 
that flints aie conliiiually foinied dining summer Emally 
m autumn a few buds aie laid down foi the noiiiitd iiisect- 
polliuated flowers wdiicli wull open next spimg 

In Sweet Violet these closecl self-pol hunting {chidoffamic) 
flowed s have five veiv small petals and five slaineiis, Inil in 
Dog Violet tlieie aie only two stamens (the low'-est ones) 
The antheis pioduce few pollen-giaiiis (wdiy few ‘r") and do 
not open, the giains spiont inside the anther, and the 
pollen-tubes gioAv tlnough the anthei-wnll and the style to 
leach the ovules The foiinntioii of these Ihuveis is ])aitly 
dependent on shade, they aie always shaded h}^ the leaves 
of the plant itself If a plant is kept m feeble light, it wall 
usually pioduce onljj^ these cleistogamic floweis 
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Tlie Wood Soil el also lelies laigelj npou small and 
mcoii&piciions cleistogannc floweis for its piopagation In 
these fioweis, pioduced in late snmmei or in autumn, the 
niimbei of pollen-giaius developed in the autheis is lemaili- 
ablv small (about a dozen in the smallei anthei s, two dozen 
in the largei ones), but the capsules pioducecl aie much 
laiger than those aiising fiom the oidmaij open floweis 
The fiuits pioduced by the cleistogamic fioweis aie tlnust 
downwaids into the soil, oi at any late bi ought close to it, 
by the downward ciirvatuie of the flowei -stall: The fiuits 
pioduced by the ordmaiy flowers, ho wevei, show a leniaik- 
able mechanism foi the scatteiing of the seeds (Ait 291) 

265. Insects that visit Flowers — The chief flower- 
yisiting insects aie beetles (Ooleoptei a) , flies (Dipteia), bees 
and wasps (Hvmenopteia), buttei flies and moths (Lepidop- 
teia) Foi oui pm poses, the chief ditteieiices between these 
insects aie the size of the body, the length of the tongue 
(piuboscis), the time of >ear at which each kind is most 
plentiful, and then habits— e cj ivhether they collect pollen 
or honey oi both, whether they fly by day oi in the eyening 

By caiefull}^ studying the stiuctuie of a flowei, and noting 
such points as the time of flowei mg, the ordei in winch the 
anthers and stigmas matuie, tlie lelative positions of antliois 
and stigmas in the open flowei and any changes in position 
that may occiii, we can often tell what kind of insect is 
capable of eiiectmg cioss-pollination, and wlietliei oi not 
self-pollination is possible We shall deal latei wath the 
cliaiacleis of floweis whiJi aie mainly oi entiiely polli- 
nated by the wind, and Ayhich lack the conspicuous colouiing, 
scent, and nectai cliaiacteiistic of lusect-pollmated floAyeis 
(tliougli not necessaiily all present lu the same flowei) 

TliGie is only one Ava,3r in which to sCucl} Uiis fascinating subject — bj^ 
going out and patiently v atcliing the a anoiis insects v liicli visit flov eis 
It 3'ou can get to know the names ot the insects, do so , in case it 
IS iisualb eas^'- to tell w liefclici il is a buttei fly oi moth (foiu wings 
co\eied with scales, pioboscis often long and coiled up, teeleis oi 
antennae with club-hke ends in most imlteinies, tapeiing and teathei^^ 
in most moths) a lice oi wasp (wmgs niembianous, bod3" usiialty 
banded with ^^ellow and black, ovipo^itoi at liindei end of female’s 
bofb’’, used also as a sting), a fl3'‘ (tA\ o oleai w mgs with no scales oi 
lians and few veins — mostly longitudinal), oi a beetle (fiont wings 
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foim two haicl ’ ' the two soft hmclei flying- 

wmgs, moutli-pi: ^ ^ only). However, books on 

insect study (Entomology) sliould be consulted, note especially Ibc 
size of the insects, their liabits and inode of life, and then mouth- 
paits (whethei biting or sucking, etc ) 

266, Flowers adapted for Sliort-toiigued Insects. — 

Most flies and beetles have veiy sboit tongues, usually less 
than 3 mm long (about one-eiglitli inch), and aie only able 



Fig 30 — A, rioA^oi of .1 igo , n, rio^M ‘1 of 
(GoKldii s iMfiago) 


to lick honey which ib freely evposod on the suilbcc', as in 
Ivy, Hnibellifeis, Dogwood (Conius), Ledsli.iw, (loosimi .iss, 
Golden Saxifiage (Fig 86, n), oi in ilowuis ayiI Ji a vei y slior/ 



tube, ecj Moschatel, Encbantoi’s Ni^lithliiub' (Eiy K7\ (,i m 
raiious sliallow open floweis, e q ,S,i\ili,ii,c‘s (li'it; a) 
Stoueciop They can of com so visit ,any sli.illow -(lowi'is !nui 
at least get pollen fiom lioneyless “polE'u-llowois I’ojijiy, 
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Dog Eose, Eock EobO, SL John’s Woit, etc Some floweis 
show leiiiaikable aclaptatioiib tor pollination Ly flies, which 
aie, as a lule, much lowei in iiitelhgence 
than the other classes of flowei -visiting 
insects 


STERiLE 
I rORTIOtl OF 
SPADI C 

wJ^FlflRETS 


One of the commonest beeths been MSitiiig 
floveis IS a siiiall biou^e-hlack one called Jle/i- 
(jUliCifi but \ei;> leu Ijeetles have tongues ovei 
3 mni Most of the laigei and longei-tongued 
flies [eg the Tabaiuds — Gad-flies, “Cleggs,” 

Hoise flies) do not visit flowcis, those just nien- 
tionedheiiig blood suckeis, but some (with tongues 
sometimes as long as 12 iniii ) aie legulai flowei- 
Msitois These belong chieflj to two families — 

Hovel -flies (Sytphids) and Bee-flies (Bombjdids’l 
Tlieloimei {E}istahe,^ Sytphu^ Rhnigia^ etc ) olteu 
lesemble bees and uasps in having a banded body, 
and many floueis aie adapted ioi tlieii visits, 

0 <l Speeducll, in uhicli the two stamens foim an 
ahgliting-place tia the The Buiiiln lids also 

Msit floweis, and some aie neail;y ab clevci as the 
bees thej lesemble at finding concealed honey 
with then long tongues, of the teu Biitish foims, 

Boiah}/hub (haiiv bodj, humped thoiax, slendei 
legs) IS of gieat impoi Lance in the pollination of 
spimg floueis, c y Piiinioae (see Ait 379) 

Among the sinallei flies (tongues less than 3 mm 
long) seveial visit floweis, e g Lnuha (small blue- 
bottle), Anthoviijia^ Dmig-ilics, Midges, Tluips, 

.some of the-e feed on decaying niattei, and some 
floueis appeal to be specially adapted foi then 
visits, Jia\ ing a pcculiai oduiu, eg Haw- 

thorn, ^loschatcl, Rowan 

Examine the peculiai ‘ floueis” of the Ciickoo- 
X>iiit (-1/ /o/d, so common in oiu hcdgeiows, xvheie 
it hlouins m Apiil and May (Big S8) The whole 
“flouei” is enclosed in a laige gieen and pin pic 
leaf (the i^iKUht] The uppei poitiou of the spathe 
opens, exposing the I ‘ • b ’ ' ’ upjper 

pait"ot the spadix, ortion 

lemauis closed except at the top, ulieio it oon- 
tiacts to toim a naiiow thioat Cut open the 
louei paiL, and you see that the spadix m con- 
tinued down waids, foiuiing an axis, lound which 
aie situated tuo clusteis of small llowcis The uppei clustei is a 
dense mass of male floueis, each consisting ol a single stamen, and 
the lowci IS a similai mass of lemale llox\eiR, each consisting of a 
single caipel Above each clustei aio some aboitive flox\ei3 that aio 

SB 




Eig 88 —Spadix of 
Ai iiiii 

.spatlio itiino\od to 
bhoii the riowois 
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leclueed to lidii-Iike stiiictiues, tliuse above the siameiis being lougei, 
duectecl do\vn\\aids, and l}ing in the conti acted poition ottlic spathe 

It the flouei iiiidei exaniiiiatjon ha‘3 lecently oldened, we lind that 
the teiiidle fioMeib oiil^ aie matiue, but if it is one that has been 
open toi some time, the female fioweis aie beginning to develop 
into flints, and at the same time seciete a sueeb ffuid, wliile the male 
lloueis aie shedding then pollen Thus the female floweis aie not 
pollinated b}^ the agency of the male floMeis above llieiii , how then 
aie tlie}^ pollinated ' 

On opening the loivci pait of the spathe we always find within 
it a iiumbei of little flies (‘ midges”) which have been assisted in 
finding then piesent abode by the conspicuous natiue of the spathe 
and spadix All these flies aie nioie oi less dusted with pollen col- 
lected eitlici lieie oi fioni floweis pioMOUbl^ Msitcd ^^'hcn the llicb 
Msit an Aiiim diiiing its hist oi temale stage, they lind no food, and 
ciawl about m then attempts to escape, but they aie sccincly 
entiappcdb} the bans at the neck of the spathe, hicli bans, pointing 
dowiiwaids, allow' easy access to the inteiiui, but eflectually pic\ cut 
escape Huwe\ei, in then mo\emcnts the flies lub tlien bodies u\oi 
the sticky stigmas, placing on them pollen picviously obtained in 
uthci Alums 

The feitilised o\aucs now begin to develop into flints, wdnlc tlie 
antlieis open, shedding then pollen ovei the bodios of the iiiipiisuiicd 
flies Then the hails witlici, setting fiee the flioa altci the wuik of 
pollination lias been e flee Led, and attei they jiia\e become co\CKd with 
pollen to picpaie them toi a lepetition of the piocoba in otliei Alums 

267. Flowers with, ijartially Concealed Honey — Many 
floweifcj have aiiaiioeuients foi concealing tlic lioney iiuni the 
fehoitest-tongued inbects, so that the vi&itiiig mbects nnisfc 
have tongues at least about 4 mm in length to leaoh it 
The honey may be slightly concealed hy tlie slamcns — c </ 
Butteiciip, Stitchw'oit, by the eiect, sliii bepals iii the 
smallei Ciucifeis, by the loimation of a bliallow leceptacle- 
cup in many Eosaceae — eg Stia-wbeiiy, Ciiniueioil, oi Jiy 
a shoit coiolla-tube — eg the bhoitei -tubed Cumpobites and 
Labiateb, Valeiiaiib, Yibuinum, G-ueldei liobe, Speedwell 
Such floweis aie vibitcd by the longei-toiigued beetles and 
hies, as well as by inbects of highei type 

268. Flowers with fully Concealed Honey. — This typo 
of howei diffeis only in degiee fiom the last IIcio the 
honey is out of the leacli of the bhoit-ton^ued insectb, and 
can only be obtained by those having tongues about G mm 
long, including the longest-iongued hies (cliiehy the Hover- 
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Hies tiud Bee-Hies) and tlie silioitei-tongued bees — etj bm- 
lowiug bees {AtuheiuUf tongue 2 oi 3 mm), Inve-beefe (A^JiSt 
tongue 5 or 6 mm ) — and wasps 

Tlie concealment oI the honey is effected by a fuither 
deejiemng of the flowei, due to toimation of a leceptacle- 
tube, 01 to the sepah oi petals (oi both) gi owing out veiti- 
cally fiom the leceptacle (instead of spieading as in shallow 
dowels), and in many cases being joined below to a tube — i e 
being gamosepalous oi gamopetalous 

Examples of medium-tubed doweis aie seen in Blachbeiij^ 
Cuuants, Goo&ebeiiy,Pascj[iie Elowei, Willow-heib,Greianmm, 
Mint (compaie these to see how the tube is foimed in each 
case, and liy to find otliei examples) Some fioweis seem to 
be cliiedy Msited by wasps, e tj Eigwoit [Saojjhida) la), Snow- 
beiiy, Bpvjjactis, Cotoneastei 

Someot the most iiiteiestmg doweis belong to this type and 
the next, including the chaiacteiistic “ bee-fioweis,” l e doweis 
adtipted to, and extensn ely visited by, bees 

269. Iioiig-tiibed Plowei’S, — When the duwei-tube be- 
comes longei, all these shoitei-tougued insects aie moie oi 
less coinjiletely excluded, and the fiowei is adapted foi, and 
cliiedy visited by, the laigei bees (especially the humble- 
bees), butteidies, and iiioths Many doweis belonging to the 
Lil}'', Dadodil, and Ins families of Monocotyledons come 
undei this type In most long-tubed doweis the honey is 
tound only in the lowei pait of the tube, but in Ciocns it 
fills the space between the stjle and the long dowei-tube, and 
is theieloie easily leaclied by bees and butteidies 

Ploweis like those of Papihonaceae, Snapdiagon, and Toad- 
dax can only he opened by laige bees, and only the longest- 
long iied bees can leacli the honey in such doweis as 
Monksliood and Laikspui The humble-bees have longei 
tongues (about 10 nini in Bomhus ten ebb is, 20 mm in B 
hoitonim and in Antlwjjho] a) than Im e-bees Moieovei, the 
Iminble- and luve-bees have the most peifect mechanism (the 
“pollen-baskets” on the hind-legs) foi collecting pollen to 
mi\ with honey and feed their biood Humble-bees aie pai- 
ticulaily skilful in dndiDg the way to well- concealed honey 
Blue, pill pie, and led colours aie often associated with 
doweis visited by bees (especially blue and piuple) and 
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buttei flies (especially red), A\diile floweis visited by oiliei 
iii&ects are usually vdiile, yelloAV, oi vai legated , but tlieie 
aie fai too many exceptions to allow of a geneial lule 

270. Butterfly- and Motli-Plowers. — Wlien the flower- 
tube (oi at any late the level of the honey) is moie than 
about 12 mm (about halt an inch) deep, the honey is beyond 
the leach of bees, though they may visit the lluwei foi pollen 
or the humble-bee may bite thiough the tube and thus rob 
the flowei of its honey G-ood examples of buttei fly-fiowei& 
aie seen in Red Campion and Ragged Robin, Init buttei flies 
also visit man} flowei s adapted toi bees, most Biitish buttci- 
flies and moths liaviiig tongues of about the same length ab, 
01 a little longci than, those of bees (about 15 nun ) 

Some inotbs, howevei, have fai longei longues (30 mm in 
a few Biitish species),^ which aie (as m butteifiies) caiiiod 
coiled up in a spiial undei the head when fljing These 
moths can leacli honey even when it is at the hot(<oin 
of a vei} long tube, as in the Honeysuclde, which is 
visited chiefly by the night-fl}ing Pi i vet Hawk -moth, and 
the White Convolvnlus, which is said to be pollinated by 
auothci species oi H.i,wk-molh conrohufhf tousgiio 

80 mm long), and to set set'd vei y sokhuu in Eiigkind owinig 
to the laiity oi this moth Otliei flowei s pellinaled by 
I / ' -ths are the White Campion [Lijclmis vespei 

I ' j Prnniose, Tobacco Plant, Privet, Bladder 
Campion Moth-polliiiated fiuwoi s aie white oi palc-colouitid , 
sweetly scented, and o^ien in the evening, usually lemainniij; 
closed and almost scentless dm nig the day. 

Examine tlic iulluwing niotli-jioniiiaLcid flovcis — Tohieco--|jLuii, 
Ilunoysuc’ " ( ‘ puai, J<]vuniJg Piimios>o Make and 

als^oich a oi each llo-vvei Nolo the condition ot 

the llowcis at dillcirnt time's (da} and e\ciinig), and tiy to lolloM all 
that liajipcus in a Hinglc flowoi iiom the liiiic it liiht opens until it 
hnally doses (aftci lioing pollinalcd) 

271 The Plower-Tiihe — It is mteiesting to compaie the \auoiis 
ways 111 wliidi the llowci becomes tnbiilai in loim, so as to piotect die 
o\aiy, to conceal tlie honey, to sholtci the poUen tiom lain, to exclude 
shoi t-tongued insects, etc. 'J'hc study oi dG\clopmcnt sho\\s that, 

1 In some ioieigii moths the piububcis learlics the asLoiiisliing length 
of 300 ram (about 12 inchca) 
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•^taiting hODi the smiple ‘‘ hjpocjynous ’’ condition, the foimation of a 
‘‘peug}noiig ” 01 ‘ epigynous ” Howei, of a ‘ gamoph3dloiis ” peiianth, 
ot a ‘ gamo‘ 5 ei:>alous ” caly\, of a ‘ gamopetalous ” coiolla, of “epipeta 
loub” stamens, etc , in shoit, all the ca'^e'r. o± ‘cohesion’* and aclhe 
sion”aie due to the giowth ot the leceptacle dining the flowei’s 
de\elopment, and that all tlie-^e conditions in the niatine flower aie 
due to ditteience^ in the extent ot this giowth It is iinpoitaut to 
lememhei this, as the vaiioiis teinis in cuiient use tend to ohsciue the 
tacts ot de\ elopmenb, and e\ cii to imph'- tliat actual “fusion” occuis 
attci the \aiioiis flowei-paits lia\e been de'ieloijed 


272. Protection against Rain — The floweis alieady 
mentioned show examples of the yaiioiis ways in which the 
pollen may he pioteuted against lain Pollen- gi am s, like 
beeds, aie much le^s lesistant to exti ernes of tempeiatme and 
io diying when once they ha\e been moistened and have 
lieguu ill consequence to gei inmate In some fluweis, 
especially those ivliose pollen is exposed to lam when the 
flowei openb, the pollen-giains a.ie not leadily wetted, having 
a coveimg of wax or of spines, etc In most cases, however, 
the giams lose then powei to geimmate if wetted and then 
allowed to diy 

Many floweis jnotect the pollen liy their hoiizontal oi 
dioopmg position, e cf Heaths, Blnehell, Lily of the Yalley, 
Solomon’s Seal, Violet, Daffodil In some cases the flowei 
closes lip at night oi m bad weathei, e (j Wood Soirel, 
Tulip, Giociis, Lessei Celandine, Scailet Pimpernel (in which 
self-pollination often occiiis in the closed- up flowei, by 
the stamens toiiclimg the stigma), and the same kind of 
closing lb elfecled in the flowei -heads of many CompObites by 
the movements of the floweis and biacts In Ins (Pig 108) 
the Luge petal oid stigmas covei the stamens, while in Oiclus 
(Alt ol2) the single stamen is covei ed by a hood foimed 
by one of the sepals and two of the petals Pind other 
examples 

273. Wiiid-Pollxnated Flowers. — Many floweis which 
contain no honey aie visited foi pollen by insects, atti acted 
by the colonis oi scents of these “ pollen-floweis ” Seveial 
examples have been mentioned This leads to the con- 
sideiation of floweis which have neithei honey, scent, nor 
conspicuous colouis, and which aie seldom or nevei yimted 
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by insects Sucli floweis aie cliieflj pollinated by tlie 
wind. 

In a few watei -plants the pollen is earned by water, and 
pollination occuis at oi below the siuface, but this is laie, 
most aquatic plants raise their flowei s well out of the watei , 
and aie pollinated by ivind {e cj Pondweed) oi by insects 
(e q TVater Ciowfoot, Watei Lilies) 

In wind-pollination it is obvious that the chances of a 
pollen-giam sti iking a stioma aie veiy small, and that the 
plant must theiefoie pioduceamuch laigei amount of pollen 
than is the case in insect-polhnatiou In oidei to mciease 
the chances of pollination the pollen is light, and can theie- 
foie float foi a consideiable time in the au and be earned to 
a gieat distance, while the stigmas aie usually laige and 
blanched, to meiease the amount of then suiface 

The antheis aie usually carried on long dangling filaments , 
all the stamens of a flowei open simultaneously, instead of 
successively as in most insect -pollinated flowei ts, and they 
either open only in diy weathei oi aie well protected (by 
catkin- scales, biacts, etc ) against lam 

In many •wind- pollinated tiees the inevitable waste of pollen 
IS to some extent i educed by the flowei s opening befoie the 
leaves have unfolded, oi befoie they have grown laige enough 
to foim a seiious obstacle to tlie wind-caiiied pollen In 
most heibaceous plants with wmd-pollinated flowei s {eq 
Plantains, Glasses, Salad Bui net, Bocks, Soirels) the lattei 
are earned up on a long stalk, well above the leaves, so as to 
expose them as fieely as possible to the wind It will be 
noticed that many wind-polhnated plants have the stamens 
and the pistil in bepaiate flowei b, eithei on the same plant oi 
on sepal ate plants, and that when they aie both piesent m 
the same flowei the stigma neaily always matin es jiefme the 
anthers open, most Glasses, howevei, aie piotandious 

Piom these details and youi own obseivat.ions, diaw up a 
tabiilai compaiibon of entomophilous (insect-polhiiated) and 
anemophilous (wind-poll mated) flowei b 

2!74r ConiiDai’ison of Flowers of Willow and Poiilai — Ex- 
amine and compaie Iho flo\\eis ot Willow and ot Poplai, which aie 
vei} closely allied plants In hotli cases the male and fern lie flowei s 
aie on sepal ate plants, and aie caiiied on catkins, each catkin consist 
mg of an axis heaung numeioiis flowei s and each flower standing in 
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the axil of a biacfc In Willows the male catkins aie bright j'ellow, the 
female ones gieeii, when the floweis open Each male flowei con^istb 
of two (ill taome species moie) stamens, with a honey gland at their 
base, tlie temale flowei of a pi-ritil with two stigma lobes (each often 
f 01 keel at the end), ovaiy oiie-chanibeied with nnrneions ovules on 
two pallet il placentas, and a honey gland The flowei s aie laigel^^ 
visited h} bees seeking foi hone}?- and pollen among the scanty spinig 
flowei s 

In Poplaib each male flowei has a laigei iinmbei of stamens (twenty 
to thirty), siuiomided at the base liy a cup-likeontgioi\ th (“peiianth ”), 
and the female flowei of a instil (similai in stiuctiiie tothatof Willows) 
witli blanched stigmas foimmg a tutt , in neitliei case is theie a honey- 
gland The Poplai s ai e wind -pollinated , then flowei shave no honey 
to attiacl insects hloie pollen is inodiiced than in Willows, and the 
stigmas aie moie blanched, exposing a laiger siiiface , the catkins of 
Poplai s hang do-wm loosely and swing in the wind, and aie longei than 
those ot Willows, which usually stand out ■atiftl}'- fiom the stem 
Moieo\ei, Poplai:= flo-\veL befoie the lea\ e'^ appeal, and then floweiuig 
IS genoiall} ovci hy Apiil, when must Willows aie beginning to 
flowei , many Willows llow^ei at the same time that the leaves 
expand 

275 Buell, Hazel, Oak, etc — Many foiest tices beai then 
flowmis (oi at least the male flowmis) m catkins, oi in cliisteis ie~ 
sembling catkins, but have the male and female floAveis on the same 
plant In Biich, Aldei, and Hazel the male catkins hang do-wn, so 
that the stamens aic eo vexed by the scales (hi acts) to wdiicii they aie 
attached (as in Poplai), and thus x^iotected fiom lain Tlie temale 
catkins aie sniallei, wnth stigmas piojecting be^'ond the scales In 
Ha/el and Alclci the catkins aie foimed fiom special buds, and aie 
neail} inatme ni the antnmn, leadj' to open eailv m spiing, befoie tlie 
lea\es In Bitch the female catkins are tuimed in the oiclinaiy buds, 
ami appeal along w itli the leaves Tins is also the case with both male 
and temale floweih in Beech and Oak, in which the male flowcis have a 
cup like “calyx” , m Beech the male flow^ers aio in a clustci at the 
end ot a long diooping stalk, in Oak tliey aio scatteied along a siniilai 
stalk 


276. Other Wind-Pollxnated Flowers — Plants wuth wnnd- 
pollinatccl floweis occiii in some families which aie chiefly insect- 
pollinated— r (f Meadow'-i lie [ThatiUnun] in Baiiunciilaceae, Salad 
Biuiiet [Pote) iina) in Bosaceae Compaie then flowcis w itli those 
of alliccl plants in the same faniil}^ Examine also the following 
flowei s — 

Pine, Larch, Yew — In these plants the stamens and cai23els aie 
on special blanches (cones), the pollen is piodiicecl in eiioimoiis abun- 
ilance, and the ovules aie exposed, so that the pollen-giains leach the 
micioiiyle diiectly. 
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Stiiigingf-Nettles, — no\^ei<? small and gieen, male and female 
eiiliei on sepaiate plants oi on the same plant In the male flowei 




Fjc: so — Jf lie and Feimle HoMLiTof Nettle 


the stamens aie at fiist folded in\\aids and downwaids, but on naiin 
diyda^s tlie;N spuiiy up Molently and scattei the pollen in a cloud j 



out ofT a blanch boaiing male flou^eis, and obseive tins on touching 
the coilod-up stamens oi aiming the flow ois Female flowei wutli a 
tufted stigniti (Fig 89) 

Bog’s Mercury —Fluweis small, 
gieen, dioecious, stamens nuineious , two 
laige , stigmas (Fig 00) fSome lionej is 
societed, and the flow^ois aie olteii Msitcd 
by fill! all insects 

Plantain — ^Fluweis in a sjukc, inaik 
edly protogynous , a\ hen the st nnens of the 
loivei (oldei) floweis liang out, aftei tlie 
witlieiing of the stigmas, the stamens ot 
the uppei oungei) llowcis aie still in the 
hgtConi of the coiolla-tube, and the stigmas 
liiojet ting outw aids and iead;y loi pollina 
tion (Fig S3) Some species ha\ e colouied 
antheis, and aie slightly scented , these aie 
sometimes Msited by insects foi pollen 

Othei wincl-iiollinated flow^eis Mdiicli jou should examine aie those ol 
Hop (Fig 91), Sedges, Rushes, Docks, Sheep’s Son el, CioMbeii^'^, 
Walnut, Oiieutal Plane, Ash, Elm, Glasses 



Hoi. 


Fijj ni, 

A, Flmii.lIo infloiOhLLniot. , 
15, Foiiuile l''Joi\Qis 
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QUESTIONS ON CHAPTER IX 

1 What IS the usual tunction peifoimed hv the A’-aiious paits of the 
fio^vei ^ Have you ohseived any cases in udiich lunctions othei than 
the usual ones aie peifoinied by -floial stuictuies’ Show b}^ seveial 
examples that the dnision of tlie flowei into foui -whoils cannot always 
be iigidly maintained 

2 Gi’\ e an account of the stiuctuie and function of a pollen-giain 

3 Besciibe tlie piocesses which lead to the conveision of an o^ule 
into a seedj and stale \\hat is the diffeience between albuminous 
(endospeimic) and oxalbuinmous (non“endos 2 :ieiinic) seecR, giving 
examples 

4 Dcsciibc the situation in wHncli honey is piodueed in any three 
flo'weis you ha^e examined How does it piofiL a plant to expend its 
sub'^tance in the piudiictioii of hone^ ’ Plow is it tliat some plants 
dispense wuth the piuduction of honey Name tluee such plants 

5 Diaw tlic flo\veis of any tluee of tlie follownncr — Eigwoit, Snap- 
diagon, Foxglo^e, Salvia, IMonksliood, Sweet I^ea, Head nettle What 
do you know of the method of pollination in the tloweis >ou chaw ^ 
lOxplain the connection, if any, hetween the methods of pollination and 
tlie time of yeai at wdnch the llow^eis appeal 

6 Mention a flowei wlucli is natuially selt-foitilised, and another 
w liicli IS natuiali 3 ’' GLO'^S'fei tilised What could you do to aid cross- 
fei tihsation in the fiisl, and iself-feitihsation m the second case Is 
tlie seed inoduccd by cioss-feibilisation bettei oi w^oiso than that 
piodueed W self-fciLihsatioii '' 

7 Buofl\" desoiibe, giving examples, tlie follownng ioims of mfloi- 
esceiice, and point out the lelationslnp wdnch exists between tliem — = 
spike, spadix, laceme, head, panicle, umbel 

S .State what is the essential diffeienco between dofnnfc and iiirlcfi’ 
itit( infloiescenccs, clcsciibmg, w ith examples, the principal varieties 
nf each (definite = c} mosc, indefimle = racemose) 

0 Wliat IS meant b^" a' floial leceptacle’ What pait docs it plaj^ in 
oin conception of the stiiiotuic of the flowei ’ 

10 Name am plants ^ ou know in wdnch the fl.ow'eis aio massed in 
close, flat topped inUoicscences, and mention the achantages wdnch you 
suppose aie obtained by such an aiiangement Name anj/’ natuial 
oideis that aie chaiactei ise<l hy tins tj^pe of mfioicscence, and clesciibe, 
with m-staiices, the difieieiitiation (modification) winch the maiginal 
floweis ma}' undergo 

11 What flowei s have you j ouibelf obsei \ ed being \ isitecl b^'- wasps, 
b^r buttci flies, b^ flies What insects ha\ e 3 cm ) ouiself seen at Sw eet 
Pert, Piimiosc, Butteicup’ .Siipplcinont tins answ^ei b^^ intoiination 
obtained 111 otliei Avays, Imt dl^tmgnlsh caiefully between ob-,ei \alions 
and theoiies, facts and expectations 
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12 Desciibe the inflorescence ot a Daisy and of a Dead-nettle, point- 
ing out the featines of (a) le-^emblance, {h) ditteience, e\isting betiveen 
them 

13 Desoiibe the pi oc ” ' in any ot the following — 

Laikspui, Willoivheib ' d-nettle, Willow 

14 Desci ibe the iioweis ot the Pi iiniose, and explain the adaptations 
foi pollination 

15 What IS hetei ohtylisni, and what is its impoi Lance ^ (Jn e exam- 
ples of heteiostyled Biitish plants 

-\fi floweis you know which aio pollinated by the wind 

1 ‘ I ctuies involved in pollination in each case, and show 

how thej diflei fiom the con espoiiding stiiir tines in insect pollinated 
flowei’=? Ha\e yon noticed any othci teatiiies ot w ind-pollinated 
flow^eis, such as habitat 01 time ot flowcnng, wiiicli 3011 can connect 
■with w nicl-pollmation ^ Cln e instance'^ 

17 Name thiee flowei'^ you have ^een visited flies and thiee b^ 
butteifl-ies and moths How did the insect's behave in each case '' 

IS Name thiee floweis feitilised bj liees in which the essential 
oigans of the flower come into contact wubli the back of tlie liee, and 
thiee in which tliey come into contact wuth its undeiside ANHij'- aie 
bees on the whole hettei agents ot pollination than othei lusecls ^ 

19 Desci ibc fiill}'^ the difiei enoes lietw''een iiisect-pollmated and w ind- 
pollinated flow ei'^, and mention '^ix examples ot each class Aie the 
seed-, ut wnnd-polliiiated flo\veis gcneiall\ distiihuted the wund 01 
not ^ Discuss examples 

20 What plants maj' bo found flouenng (eithei commonl}' 01 
occasionally') in the wintci months in England out ot doois’ 

21 What hcc'i occniLing commonly' in England have Ho w'ei-, winch 
aio \ lilted by' iiihocts You may' take example'^ both fiom native and 
fiom jiiUodiiced speciet. 

22 IMentKJii thiee examples of plaiils w'lucli pos'^ess dimoiphic 
flow'ei'^ (trc a ‘^hoit desci iptioii ol each illustiatccl w'lth sketches 

23 Gne a synioptiu outline of a lesson on the stiuctuic ol the 
gymaeciiim State dohiutely wliat mateiial you would select tui 
illustiation, explaining tlie 'special point of inleiest connected with 
eaeli specimen 

24 Dia'W' a flow'ei of violet 01 pansy' as seen in median \ettical 
section Distingiiibli between any' three w'lld species of the genus 
J^whi y ou know' 

25 Gi\e examples ot floweis winch jnocluce honey'’, and expl.iin 
exactly wheie the honey is pioducud Ot w'hat use is it to tlie plant’ 

26 What do you undei stand by' a “ty'pical’’ floAiei ^ Compaie 
}:)uefly' the aiiangeinents ot the paits in a floial and a \egetati\e shoot 
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FEIIITS AND SEEDS 

277, How Fruits are Pornied, — The mflueiLce of fertili- 
sation extends fioiii the developmo* seeds to the &uiioimdmg 
paitb, causing a icnewal of active giowth not only m the cai- 
pels, blit often in othei paits of the flowei as 'well Dbiially, 
liowevei, the stanieii’-s ami coiolla peisist foi a shoitei time 
than they would have done had not feitihsatioii occuiied 
The ultimate lesult of teitihsation is the foiination of a 
fiuil The Simplest definition of a fiuit is that it consists of 
the paits of a single flowei which peisist and giow aftei 
fei tihsatioii This definition covei s most fi uits, which may be 
divided into si tuple and ngcjieijate A simple fiiiit is foimed 
fionione fiee caipel, as in the Eean, oi fioni sereital united 
carpels (syucaipous pistil), as in the Poppy An aggiegate 
flint is loimed iioiii several fiee caipels, as in Butteicnp and 
Blacklieiiy The wall of the ovaiy becomes the peiucarp oi 
fiiiit-’wall, which may, as the fiuit iipeus, eithei leinain soft 
and lleshv oi become di^ and haid 

AVheihei the iiuit is diy oi lleshv depends on the amount 
of vaiei it contains when iipo Diy fiiiits winch contain 
seveial seeds usually open so as to set the seeds fiee, the 
pel loaijD bi eahiug ajiai t to foi ni an opening Some di y, many- 
seeded flints, howevei, spbt into pieces, each containing a 
single seed These two tj^-pes aie distinguished as (1) Open- 
ing 01 Capsulai fiuits, (2) Splitting oi Sepaiatmg fiuits 
Diy one-seeded fiuits, and piartically all fleshy fiiuts, le- 
niaiii closed, and tlie seeds escape by the decay of the 
peiicaip, oi the lattei may only be bioken when the seed 
gerimuates This thud type may be called (3) Closed oi 
ludeliiscent fimts Indehi scent fiuits may be eitliei diy, m 
winch case tliey aie usually one-seeded, or fleshy, 

251 
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278 . Opening or Capsular Fruits, — The follicle 

opens 'along the lunei side {vent nil suUue) which bears the 
seeds, eg in Monkshood, Maish Mangold, Wiiitei Aconite, 
Clnistmas Rotje, Columbme, Laikbpiii (all belonging to the 
Biitteicup family), also in Magnolia, Stoiieciop, etc The 
pod separates into two valves by opening along both the 
doisal and the ventral siitmes The siliqua (chaiacteiistic 
fiLiit of Oiucifeis) opens by two valves wdiich sepaiate 
fiom below iipwaids, leaving the seeds on the edges of a 
paitition acioss the fimt (eg WalLflowei) The silicula 
is a shoit and bioad foim of the siluxiia (a g Shepheid’s 
PiUtoe) 

A typical capsule usually consists of seveial caipeK, niid is 
diy The capsules of Iiois>e Chestnut aie lathei Ilesliy wlieii 
iipe, and the fleshy capsules of the Balsam and Wood Son el 
aie so much sti etched when npe that a touch is sufficient to 


cause them to split open and thiow the seeds out violently 
8 Capsules usiially open longitudinally, either 

yTv along the doisal sutiiies (midiibs) of the caipels 

/ \ (^e (f Willow-heib, Blue-hellj, oi (moie laiely) 

/ along the paititions between the clianibeis ot 

the ovaiy (ecj Foxglove, St John’s Woit) 
The capsule of Stitcliwoifc and otliei Caiyophjl- 
/ laceae splits about half-w’'av down into twice as 
many teeth as theie aie caipeL In ail tliese 
// cases the opening takes place along linos alioady 

jrpjg ^,-,2 niaiked out in the stiiictuie of the ovaiy, but 

Tiinsvei^eDe bOiiie plants it follows Giitiiely new paths 
Cutiii'" of capsules open tuinsveisely, n, lid 

PhiQtim being sepaiated, as m PLmtaiii (Pig 92), Pim- 
peiiiel, Henbane. In the Poppy small piec(‘s 
of the capsule-wall aie detached, foiming a seiic^s ot liolos 
aiound the top of the capsule, thiough which the seeds escajjo 
The capsules of Snapdiagou and of Cam23aiuila also opioii bv 
poies, pioduced in the same wxiy as in the Poppy 


Ti insveiae De 

lll'aCt.lKcJ of 
Ciiiiiile of 
PlilQt nil 


Exfiiiiiiie flaiicl iiicikc cfii cful skctclios of the hints ot Cohiiiihijic 
Monkshood, Laikspiu, Wmtei Aconite, Clnistmas hose, Goisc, Lahin- 
num (-.eeds poisonous), Peas, Beans, Biid’s-toot Tictoil, Wnllflowot 
Caiubtuft, Sheplieid’s Puise, Chailoch, Willow licili, BluehcU, Ins’ 
Po\glo\e, Snapdiagon, St eJohnk W(ut, Stitclnvoi r 
weed, Plantain, Scailct Pimpciiicl, Ilenlianc, 
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279. Dry Closed Fruits or Akenial (Aclienial) Fruits 

aie given vaiiou^ nauieb, but tlie chief types aie (1) akene 
(oi aclieiie), with niembianous oi leatheij peiicarp — ecj 
Butteiciips, Little Celandine, Anemone, Cinquefoil, the akene 
of Composites (Daisy, Dandelion, etc ) only clifters in being 
piodiiced fioni an infeiior ovaiy , (2) the grain, in which 
peiicarp and seed-coat aie fiimly united — Glasses, (3) the 
nut, Avith liaid peiicaip (the teim is usually applied to all 
laige or hard-coated akenes ) — eg Hazel, Oak, Beech, S'^^^eet 
CJiestnut, Hornbeam , (4) the samara or winged akene (oi 
nut ) — eg Elm, Biich, Ash The akenes of Composites and 
Valeiians often have a tuft of haiis, usually sessile but 
stalked in Dandelion and Goat’s-bearcl, Coilled the pappus 
(= calyx), at the top, those of Clematis haue a long plume 
(in style), tho^e of Avens a hooked style 

Examine and skctcli the tniits ot BuUcicup, Lessci Celcindiiie, 
GuiC|netoil, Yaiiow, Dandelion, (Uoiiiid^cl, TliisQe, Nipple- 

woib, Goat\-bctiid, \VliLcifc, INlaize, Hazel, Oak, Beech, ‘‘bpamdi” 
Chestnut, Elm, Biich, Ash, Valeiian, Clematis, Avens 

280. Fleshy Fruits, — A few heshy fiuits open to let the 
seeds escape— e </ Hoise Chestnut, some Goiuds, BaLani 
Tliiee chief types of closed fleshy iiiuts can be lecogmsed 
(1) the berry, m which the peiicaip is soft and fleshy thioiigh- 
out except foi the niembiauoiis oi him skin , (2) the drupe, 
111 Avhich the mneiinost poition of the peiicaip foims a haid 
stone (endooaij)) embedded in the tiesliy middle poi lion (iiieso- 
caip), with a inembiauou'^ bkin (^epicaip) on the outside, 
(3) the iiome, in which the leceptacle becomes fleshy, en- 
closing the iipe caipels 

281. Drupes (“ stone fruits ”) — A simple diupe is 
foimed f 10111 a single free caipel, and has one stone ivitli one 
seed inside it— e <7 Plum, Cheiiy Diupes may, lioAvevei, be 
syucaipous, in which case each chamber of the ovaiy may 
foim a distinct stone or diupe The so-called ‘‘ beiiies ” of 
Holly, Dogwood, and Eldei aie leally compound diupes of 
this, kind The AValnut is a diupe from which the iiiesocaip 
(flesh) peels off duiiiig iipeniug, and allows the stone, en- 
closing a single seed, to escape The diupe of the Almond 
has a velvety slan and rather tough mesocarp, which sphts 
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along one side, tlie endocaip is pitted and buttle, and tlieie 
aie sometimes two seeds inside it 

The Coco-“nut” is a diupe in wliicli the niesocaip 
(lenioved befoie expoi tation) is hbious The “ bhell” is the 
endocarp, and the flesh inside it is the endospeim in whioh 
lies a small embij^o (below one of the thiee pits at the 
bioader end of the “nut”); the fiiiit is foinied fioin a 
thiee-chambeied ovaiy, only one chambei being feitilo, 
the space in the centie of the “nut,” filled with sap, eoue- 
sponds to the cavit}'- (vacuole) in the young eiiibiyo-sac 

Examine, dissect, and sketch the iuutsot Chcuy, Plum, Almond, 
Holly, Eldei, Walnut, Coco nut 

282. Bernes usually contain seveial seeds, but sometimes 
only one, as m Dogwood and Date The Deny is disliii- 
guibhed fiom the diupe by the fact that the oi 

“ stone” has no haid pait, whilst the stone iii a diupe is the 
innei’inost pait of the fiuit-wall, and encloses the seed, the 
seeds (“pips”) m a beiiy may have haul coats, but the fiuit 
has no othei haid paits 

The Banana, Gun ant, Cucumbei, Cliapo, Guosebeuy, 
Oiange, Pomegianate, Bilbeuy, BitteisA\e0i, and Tomato aio 
all bellies, although seveial ot Ibeiii exhibit special peculiaii- 
ties In the case of the Gooseheny and Pomegianate, tlie 
outer layei of the coat of each seed is succulent, and ioiius 
a laige pait of the fiuit. The “quaiteis” ot the Oiange, 
Lemon, “Liine-fuiit,” and ‘ Gi ajie-lriiit ” conespond to fhe 
caipels, and the juicy pait is composed td laigo haiis, which 
aiise fiom the walls ot the caipels and aie hlied with Vtiieiy 
sap The “ S(puitmg Cucumbei” {lUclLilhuui) becomes 
highly tmgid when iipe, so that when it bieahs oli its stalk 
the seeds aie ejected along with a cpiantity oi wateiy sap 

Examine, dissect, and sketch the iiuits ol Bale, Banana, (hjohohci ly, 
Cuiiants, Cucumbei, Oiange, Giaiio, Bilbci 13 , Tomato, BitteisvccL, 
Pomegianate, 


283, Pomes. — The Apple 01 Peai aliouls the host e\ainplo 
of a pome, being developed fiom an infenoi ovaiy composed 
of five impel fee tly syncaipous caipels The outci fleshy pait 
of an apple is leally a poition of the leceptaclo, while the 
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paiLlimeiit-like membicine w 
of eacli cli amber of tlie ovaiy 
ito main]} caipellai*} in oiigiu, 
tlie ‘pipb” being of coui^e 
tlie seeds Pomes also oociii 
m Eowau, Hawtlioin, Quince, 
Medial 

Examine, dissect, and sketch 
the flints of Apple, JPeai, Quince, 
Medial , Row an, HaA\ bhoi n , 
Cutonea&tei 

284. Splitting* or Sepa- 
rating Pruits (Schizo- 
carps) aie so called because 
they split into two oi moie 
one-seeded paits (akenes oi 
nuts) Examples aie seen in 
Sycamoie and Maple (Fig 
9 3 , B ) , U mbellif ei s (Fig 
136), Geianiuni (Fig 93, d), 
the Labiate and Boiage 
families (Fig 93, c), Mallow 
(Fig 94) 

In some Leguininosae (e fj 


cli foiins around the wall 



Fjij 5)3 — SLlu^ouupg sphttfiuj,^ mto 
seveiiil 

A, L>f IIolIj htii am , D, of Al.iple , C, of 
L uuiuiii , D, of Geiarmmi 


Hedijstu iDii, the " Fiench 

Honeysuckle”) and some Ciucifeis {e y Eadish) the fimt 
splits acioss into one-seeded pieces, 
and is called a lonientum (moie 
sti icily, a loinentaceous pod, or sili- 
qua, as the case may be), Fig 93, a 
The one-seeded parts mto which a 
schizocarp splits do not usually open 
to let the seed out , but this does 
occur in some cases — e g Spurges, 
Geianium 



Examine and sketch the fiuits of Syca- 
more, Maple, Cow Paismp, C4eiaiiium, 
JMallow, Dead-nettle, Eoiget - me - not, 
Radish, ‘‘Flench Honeysuckle” {Iledi/tsa} luiif cultd ), Spiiige 
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285. Aggregate Prints may cou^ist of a number of 
follicles, as lu CLiistmas Eose, Maisb MaugolJ, MoiiLsbood, 
etc , 01 of a numbei of akenes inseitecl on a convex leceiitacle, 
as in Anemone oi Stiawbeiry, oi inside a concave leceptacle, 
ab in Eobe, oi tliej may consist of diupes on a convex lecep- 
tacle, as in the Blackbeiry or Easpbeiry ITotice m eacli 
case -u^betber tbe leceptacle is diy oi flesiiy 

Examine and sketch the liuifcs of Stiawheu^^ Eose, Blaekboii^', 
Easpbeiiy, Biitteicup, Coliiinbine 



I ij "j —A, Fimt of Tig Lilt m half VLitiLdlly , B, Tiuit of Miilljciij 


286. Special Types. — Tbe fiuils developed fioui a yioup 
of floweis 01 dense mfloiescence aie often a^oiei^ated in 
closely packed clusteis, biioli as aie foimed by the flesliy led 
bellies of tbe Honeysuckle and by tbe clusteied fiuits of the 
Mulbeiiy, tbe peiiantbs of whose fioAveis become flesliy and 
enclose the caipels (Fig 95, b) The Pineapple is a spike- 
hke mfloiescence, in which the axis becomes fleshy dining 
iipenmg, and tbe individual fiuits fuse together Tbe Hop 
has an infloiescente consisting of an axis beaiing niein- 
bianous scales, in the axil of each of winch tlieie aie two 
female floweis (Fig 91) , the scales aie shed when iipe 
with tbe flints attached to them Tbe Fig is foimed by 
a hollow, peai -shaped capitnlimi heaiing male and female 
floweis, the seeds ” being leally akenes (Fig 95, a) 
The Date is a beiiy, the baid stone being the seed The 
Banana is a beiiy which, owing to cultivation, does not 
pioduce seeds 

Examine, dissect, and sketch the flints of Honeyaucklo, Mulbeiiy, 
Pineapple, Hop, Fig, Banana, Date 
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287 Dispersal of Seeds and Fruits. — Sucli a plant 
as a Clieriy tiee may ^loduce thousands of fiuits and feitile 
seeds in a single reason, although none of the latter may 
succeed in establishing themselves as young seedlings beneath 
the shade of the parent tiee Even if the paient plant is 
cut down, 01 dies at the end of the season, it can hardly 
mate loom foi more than one oi two ot its offspiing 
Hence it is of the utmost impoitance that the seeds should 
be affcoided some chance of distiibuting theniselvesi, and 
leaching localities suitable foi the development of new 
trees Buds act as the dispeising agents in this case, fie- 
quently caiiymg the fruit to a distance, and i ejecting the 
haid stone which piotects the seed 

Even in the case of annual plants, the dispei sal of the 
seeds is of gieat impoitance, foi it is evidently impossible that 
the thousand oi so seeds which a smgle Sunflowei may pio- 
diice can gei inmate and become healthy seedlings on the same 
aiea that the adult plant occupied The means of dispeisal 
adopted by diffeient plants vaiy widely, and aie fiequently 
such as to seciiie the almost ubic|nitous distiibution ot some 
plants The chief agencies by which chspeisal is secured are 
(1) wind, (2) watei’, (3) animals, and (4) explosive oi 
ejection mechauisnis in the fimt itself 

288. Dispersal by the Wind is facilitated by the 
minuteness oi lightness of the seeds oi fiuits, and by the 
piesenee of tufts of haiis oi wing-like membianes which 
inciease the suiface exposed to the wind without appieciably 
adding to the weight It is only in the case of dehiscent 
fiuits that mechanisms foi wmd-dispeisal aie borne by the 
seed 5 closed fiuits and the segments of sphttmg fiuits are 
themselves di&tiibiited and possess contiivances for dispeisal, 
while the seeds have none and aie earned inside the fiuit. 
The seeds of Oichids aie so small and light that, when they 
aie set fiee by the dehiscence of the capsules, they are 
fieely blown about by the wind, hence the epiphytic tiopical 
Oichids establish themselves upon the trunks of tiees 

When the seeds aie largei and heaviei , the fiiiit fiecjiieiitly 
opens in such a niannei that the seeds can only escape a few 
at a time and aie jeiked out when stiong winds rock the 
capsules to and fio This censer inechaiiism is seen m 

17 
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follicles ami many capsules, e q those of Poppy ami Cam- 
panula (Haiebell, Canteihuij-bell), wbicli open by poies, 
those of Campions, Stitchwoits, Piimioses, etc , •which open 
by teeth at the top , besides m capsules opening by slits oi 
a hd, also in the fiuiting heads of some Composites which 
have no pappus on then akenes, e g Sunfiowei 

As an aid to wmd-dispeisal, seeds aie fiequently flattened 
(WaMowei, etc), as also aie the fuiit-segmen-ts of Um- 
bellifeis and the akenes of Butteicups and Composites 

Veiy commonly, howevei, special stiiictmei aie piesent 
which enable seeds, oi moie fiequently akenes, to be moie 
leadily earned by the wind The plumed seeds of the 
Willow, Poplai, Willow-heib (JUpilohium) , Bog Asphodel, 
and Cotton-plant have haiiy outgiowths Winged seeds 
occur in Pines, Yellow Battle, Deutzia, and Bignonia 
(“ Tiumpet-flowei ”) 

The winged akenes (samaias) of the Ash, Elm, and 
Biich aftoid good examples of winged fiuits in which the 
wing is an outgiowth of the peiicaip In the Maple and 
Sycamoie each fiuit splits into two oi three winged 
samaias The Hornbeam has peisislent biacts which 
foim a wing on the fiiiit, a bimilai bi act- wing occuis in 
the Hop In the Linie-tiee {Tilici) the stalk beaimg the 
clustei of nuth hangs down, and the laige biact attached to 
it acts as a kite or aeioplane Biacts also act as wings to 
the fi Lilts of BovgainviIIea and MuahiJis (Maivel of Peiii) 
— ^two tiopical but commonly cultivated plants In Docks 
the flint is coveied by the “ calyx,” which beais thiee wings 
In bome cases the wing is funnel-shaped, or paiachute-like, 
as in Thiift (peibistent papeiy calyx) and Teasel (peisistent 
biacts aiound the flowei) 

A few examples of plumed fruits (i e fiuits beaiing haiis 
01 haiiy appendages) may be given In Clematis, Pasque- 
flowei, and Diyas each akene has a peisistent haiiy style, 
in Cotton-sedge the fimt beais numeious long silky bans, 
pioduced by the peiianth, in Buliushes haiis aie pio- 
diiced by the stalk on which each fiuit is earned The most 
highly developed plumed fiuits occui in Valeiians and 
many Composites, m these plants the calyx glows attei 
feitilisation, and foinis a iing of hairs (the pappus) on tlie 
top of the fiuit GToocl examples aie seen in the Dandelion 
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and the G-oat’s-beaid, wheie the pappus foims a parachute 
earned on a stalk If the an becomes moist the paiachute 
closes up, and the fi uit falls to the eai th, and is washed into 
the soil by the fiist shower of ram 

Dispeisal by wind lUYolvets a gieatei loss of seeds than 
dispel sal by animals, foi the latter usually fiequeut feitile 
locahties wheie the seeds have a chance of geimmatang, 
wheieas wind-dispei sed seeds may fall upon steide oi un- 
suitable localities, or may be earned out to sea It is foi 
this leason that winged and hany seeds aie usually absent 
from the plants of the seashore Hence also aiises the fact 
that -wind-dispei sed seeds aie usually pioduced in lelatively 
greatei abundance than those dispeised by animals 

Examine and sketch, yoth special lefeieiice to then adaptations foi 
wind-dispeisal, the Jiutts oi: Poppy, Canteibniy Bell, Campion, Stitch- 
woit, Cow Ptusnip, Butteicup, Ash, Elm, Bn eh, hlaple. Sycamore, 
Hornbeam, Hop, Lmie-tiee, Maivel ot Peiii, Docks, Tliiift, Clematis, 
Cotton-Sedge (‘‘ cotton-giass,” in bogs), Valeiiaii, Dandelion, Goat’s- 
beaicl, Tliistle, Giomidsel and the t>aih of Willowc Poplai, Willow- 
heib, Pine, Yellow^ Rattle, Bignonui 

289. Dispersal by Water is unconiniou, and occuis chiefly 
in aquatic plants Seeds ma}'- also be earned on the mud 
adheimg to the feet of aquatic buds In plants which glow 
on the maigm of sti earns, as well as in those aquatics whose 
leaves aie aeiial {e.g Watei Plantain, Aiiow-head), the seeds 
may fall into the watei In some cases (e g Aldei) the seeds 
aie enabled to float to a distance by being piovided with a 
spongy coveiing which contains an This is also the case m 
Watei Lilies, but in these — and in most submeiged or float- 
ing watei -plants — the fiuits aie developed undei watei, and 
aie eithei achenes, nuts, or splitting fiuits which sepaiate 
into haid one- seeded paits 

290. Dispei'sal by Animals may be either passive or 
active, and the seeds may be cai iied eithei inside oi outside of 
the animal’s body Animals assist in seed-dispeisal in thiee 
ways (1) Some plants have fiuits beaimg hooks, which 
catch on to the fiu of animals and aie then earned off 
(2) Juic} flints aie eaten by auimals, chiefly buds, the seeds 
being piotected by a haid shell which can pass unin-juied 
ihiougli the alimentaiy canal (3) In the third method. 



260 


FEtriTS ANB SEEDS 


animals cany the seeds off intentionally to then nests, and 
often diop them by the way, as squirrels do with acoins, 
foi instance, ants pUy an impoitant pait in seed dibtiibu- 
tion in this way 

(1) Many fiiiits possess hooks, and hence may adheie to 
the wool 01 fill of passing animals These adhesive con- 
tiivances aie usually ontgio'wths of the fiuit and not of the 
seed Examples aie aftoided by Avens (hook ~pei sis tent 
style on each akene) , Coin Butteiciip, G-oosegiass , Wood- 
luft, Medick (pod coiled, beai mg hooks), Houiid’s-tougue , 
Sanicle, Oaiiot, Cheivils, and a tew other XJinbelliteis , 
Agiiniony (hooks on leceptacle) , Enchaiitei’s Nightshade 
(Fig 87) The flowei -heads of Teasel and Bin dock have 
hooked In acts so that a passing animal may catch the plant 
and diag it foiwaid, the lebound causing the hints to be 
]eiked out, oi, in Bin dock, whole bins (fiiiit- heads) may 
thus catch on to the animal and be earned oft 

In Bui weed {Xiuitlimm, a cm ions Composite, found in 
South England but not native, with small heads of unisexual 
floweis) the female llowei-head is coveied with hooked 
piickles and ends in two shoit conical beaks , caiid in Biu- 
maiigold (Bidens) each akene has a pappus of two oi tliiee 
stiff bustles coveied with small downwaid-poiutiiio puckles 
The most foiniidable hooked fi iiits occm in tiopical plant b 
such as Maitynia and Haipagophytum, which aie usually 
shown m botanical museums Hooks and spmes .ilso seive 
to piotect fiuits against animals which imght otheiwise eat 
them, this is piohably the case with the &pmj capsules of 
Hoise Chestnut, the stiff bustles (awns) of Bailey, etc 

(2) Active dispel sal takes place when animals seek out 
fleshy flints in oidei to devour them The seeds are protected 
by haid stones in the case of diupes, oi by thick leatheiy seed- 
coats m the case of most hemes, by the peiicaip in hints 
such as those of the Stiawheiiy oi the Eose lu most cases 
the coveimg of the seed is haid and quite indigestible, and in 
not a few cases the seed itself is poisonous Hence in many 
cases the seed can pass thiough the animars body without 
being injuied, and if deposited in suitable soil may succeed 
in geiminating Veiy often, howevei, the haid pait of the 
fruit IS nevei swallowed, hut allowed to fall to the giouiid 
aftei the soft pait has been pecked , foi the animals concerned 
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m tins mode of dispersal are usually Luds, wliose gizzards 
maj’’ ciUfcili small seeds and destioy them 

The suiface of the fiuit is usuall}'’ conspicuously colouied 
The pulp or flesh (often sweet and aiomatic) may bepioduced 
fiom almost any pait of the flower tiom the ovaiy-wall 
rClieiry), the leceptacle (Apple, Stiawbeiiy), the peiianth 
(Mulbeiiy), etc Sometimes the seed has a colouied fleshy 
a) il 01 e\tia seed-coat — e cj Spmdle-tiee, Yew, Nutmeg 
(“ Mace ” =:aiil) Most, but by no means all, fleshy and 
biid-dispeised fiuits occui on tiees and shiubs (why '^) 

( 3 ) Dij'’ flints (Acorns, etc ) may also be actively cbspeised 
by such animals as ^quiiiels, etc , foi these animals often forget 
some of the hoaids they lay up in autumn This is, howevei, 
an accidental mode of dispeisal, and, except in the piesence 
of a haid peucaip, the stiuctme of the fiuit shows no special 
adaptations which might leiidei this land of dispeisal moie 
constant and pi o Stable 

In most cases the seeds earned by ants are piovided with 
an aiil oi otliei appendage which contains food, usually of an 
oily natuie, and which is of no dnect use to the seed itself, 
but foims an atti action for ants Most of the plants which 
have tins iiiteiesting means of dispeisal giow where ants aie 
most abundant — meadow and woodland plants Expeiiments 
show that the ants take no notice of seeds which have been 
dcpiived of the atti active appendage, but cany off seeds of 
the same kind which have not been mteifeied with, and the 
seeds have been ohseived to he tin own out of the ant-nests 
aftei the appendage has been nibbled off 

In some localities it has been found that neaily half the 
plants glowing in meadows and woods, wheie ants weie 
plentiful, aie dispeised by the aid of these insects A few 
examples aie Yiolet, Mignonette, Goise, Fumitoiy, Spmges, 
Lessei Celandine In some cases the plant has othei means 
of scatteiing its seeds, but the ants help in cairymg them 
to gieatei distances 

Collect, examine, and sketch fiuits adapted foi dispeisal by adhei 
ing to animals, eg Coin, Butteicup, A\eiis, Goosegiass, Caiiot, 
Medick, Sanicle, HouikPs- tongue, Teasel, Agiimony, Enchanter’s 
Nightsliade, Buidock In examining fleshy flints, note which paits 
aie (1) bnghtb^ colouied, (2) fleshy and edible, (3) haideiied to piotect 
tlie seeds 



262 


FBiriTS AND SEEDS 


291. Explosive Fruits, — Some fiuits show active move- 
meuts hy which the seeds are scatteied or flung out suddenly 
These movements often depend upon extieme tuigidity in 
some pait of the fiuit— e cj in S(|mitmo Cucumhei and Bal- 
sams — 01 of the seed itseli In some Balsams the fleshy 
capsules have swollen and stietched walls, so that a slight 
distuibance causes the cii,psule to hiust, and the seeds aie 
till own to a distance of sevcial feet 

In some diy fiuits the ejecting mecliamsiii depends upon 
t-ensions set up by the diving of the fiuit wall In Pansies 
and most A^iolets the flowei -stalk giows up eiect aftei pol- 
liiitil-ion has ooeuiied, and the iipe capsule splits down, mid- 
way between tlie thiee lines of seeds, into t-hiee boat-shaped 
pieces, and as these diy they coiitiait and sr^iieeze the seeds 
togethei j the piessuie causes the polished and slippeiy 
seeds to be flicked oiitj foicibly and thrown to a considei- 
able distance (sometimes as much as six feet in G-aiden 
Pansies) 

In Groianium (Fig 93, d) the caipels split apait, and the 
style splits otl a slendoi thread attached to each caipel, these 
thieads suddenly cuil upwauls and outwaids, so as to tliiow 
the seeds out The iipe pods of Gloise, Bioom, Lupin, etc, 
suddenly buist o]ieii, the two valves becoming twisted and 
tlie seeds scattcicd Moreoi less siniilai explosive mechanisms 
ocGiu 111 vaiious otJiei plants 


(rt) In ni)o innls of Wood Soiicl noLico that some of the cliambois 
may he empty, it so, luid tlie hIU blnoiigh whieli the seeds have 
escaped This suggests that Iho seeds aio in some way toiccd out ot 
tlie elunuheis, the'^longitudin.il slit innmng doAvn the middle of the 
cliambci-vall closing u]i again at once Tiow do the seeds escape^ 
'Iiy S(iuec/ing 111)0 kiiils lietweeii the Iingens until you succeed iii 
rauHing seeds lospiingout How fai may a seed he jeiked away’ 
by caielully c^ainnniig ( 1 ) a iipe Luut with tlie seeds still inside, 
(2) a flint fioni whirli the seeds liavo escajied, (r3) the seed itself 
i>ot]i liefoio and attei its (.scape, you sliould ho able to discovei 
llicit the seed has a thick lleshy cxtia coat [aul) coveiing it like a 
cup, and tliat this c(jat, by siiddeijly tmnnig inside out, causes 
the seed to bo shot out of the fiuit tliiough the slit in the chamhei- 
wall 

[h] E\amine and sketch the flints oi Violet, Pansy, Geiainum, 
Goise, Bloom, Lupm, Box tiec, Sinnge, TIany BiUeiciess Tiy to 
find out how the seeds aio ejected m each case 
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292. Practical Work on Fruits and Seeds — Collect 
all kinds of fimts, belonging to botli wild and cultivated 
plants, and ariaiige them accoidmg to (1) then stinctuie, 
(2) then adaptations foi seed^dispeisal Make sketches 
of all the flints yon examine, cut them acioss oi open them 
up to make out the stinctuie Distmgnish between one- 
seeded flints (akenes, etc ) and tine seeds, and notice which 
pait of a flint is fleshy, which pait foims wings oi tufts of 
hails, etc Caiefiilly notice and conipaie the times taken foi 
a winged oi plumed fiuit oi seed to fall to the floor (1) witli 
the wings oi plumes still on it, (2) after lemovmg them 
Watch the scatteiing of flattened, winged, and plumed fiuits 
and seeds on a windy day Why do some ivinged flints — 
eg Ash- and Sycamoie-‘' keys " — wliiil lonnd while being 
blown away, and what aie the advantages of this 

The stiuctiue ot seeds is be^^t made out the o\ Lmination of 

thin section'', Kuthei x'^i^zzhng raxiiicaiunces aie, huwe^ ei , pi evented 
when the einbiyo is cmved oi Uisted instead ot lieiug stiaight, oi 
when the cotyledons aic tolded, oi dnided into lobes, ioi iii such cases 
the same x>tnfc may be cut twice lu the one scrtiou 

In some seeds s^iecial outgiowths oi arils aie foimed at tlie point of 
attachment ot the seed and funicle, oi tiom the siutace of Lhe seed 
These assume the form ot Avaibhke, fleshy exciescenees m the seeds 
of tlie Pansy, Castoi Oil plant (Fig 27), and the Spuige In the 
Willou and Poplai the aiil is iepiet.ented bj a tuft of bans which 
enow out fiom the tunicle Occasionally the aiil founs an iiiegiilai 
fleshy iii\ estnient to the seed, an exanixile ot Minch is ailoided by the 
mace of Nutmegs The succulent X3ait ot tlie led “ beiiy”of the Yen 
is simpb as^iecial kind ot aiil, as is shown b^/ its mode of cleA'elopinent 


QUESTIONS ON CHAPTER X 

1 Distinguish bcMveen synoai pons and apocaipons finits, and give 
examples of common table fiiiita nndei both heads 

2 Compaie caiefnlly the flov^ei and fiiiit ot a Ro^e ivith those of a 
Eiittci C11X3, and ox^ilain, by means of cliagiams, the jnmcipal di Sciences 
betiveen them 

o Show by eoinx^aiative diawiugs ot the flovei and tinib of the 
Ax^ple, the Rose, the Blackbcii^ , the Plum, and the Stiav^bciiy just 
Mdiat ijaits of the flowei and finit coiiesiioud to one anothei in each 
case 
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4 Mention two plants, each of w^liicli possesses a peisistent calyx 
Tully clesciibe the calyx, and explain its use to the plant in both 
cases 

5 Besciibe and eoinpaie the truits of the Rose, Fig, Stiawbeiiy, 
and Miilbeii3r 

6 Give instances of seeds oi fiuits ^ihicli aie dispeised (a) tluoiigh 
the tigency of the wind, and {b) thiough the agency ot animals Of 
what advantage is it to plants that then seeds should he thus 
dispeised ’ 

7 Deseiibe examples ol fiuits oi seeds i^hich aie dispersed by 
vatei, pointing out anj" adaptations foi this metliod of dispeis>al 

S Gue an account of tlie \arious waj^s in which seeds aie piotccted 
duiing tlie peiiod of iipemng 

9 Desciibe with the help of di awings five dideient devices by A^hich 
seeds aie seatteied Desciihe any expeiiments 3^011 lla^e made on the 
scatteung of seeds 

10 Mention any fiuits or seeds you know which are clistiibuted b3' 
the agency ot animals Dcsciibe the stiuctuies used in five cases 
Have 3^011 made an3’’ peisonal obseiA atioiis on such distiibution ’ 

11 Wiite a shoit account of the stiuctiiic of the mote common di3^ 
dehiscent fiuits, and explain liow tlie seeds aie sciitteicd in those 
examples which 3'’ou desciibe 

12 Describe examples of explosive fruits, and ti3’’ to explain the 
meehanisin m each case 

13 Desciibe the following fiuita — Plum, Stiawbeii3% Rasj)beii3'-, 
Apple, and Oiange What is the natuie ot the edible poition in each 
case ? 

14 How aie the seeds of Clieiiy, Field Geiamum, and Pine 01 Bncli 
dispeised? 

16 Desciibe in detail, vitli caieful diav-inga, the paits of the plant 
Used m the distiibution of seed, m foiii case's observed 113^ yoiu'self, iti 
which the seed is disbiibuted by the agenc3 of animals Hov do tlie 
fiuitia ^\hose seeds are thus distiibuted diftei iiom those distiibutcdb3^ 
wind ^ 

16 How do you know tlnat a Stiawbeu3^ “pip” is a fiiiit, while a 
Goo'^ebeiiy “pip” is a seed ? Mention an 3^ otliei “pips” 3'-ou know, 
with d^a^vlnga of three cases showing the suiiounding stiuctuies, and 
say m each case whethei the “pip” is a limt or a seed Plow aio 
“pips ” usually distributed ? 
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17 Give a concise lite-histoiy of aii> one annual plant that you 
have gLown thioughout t!ie year, uitli appioxiinate clateb at which the 
cliffeient oigans appealed, stating at the same time the conditions 
iinclei which it was grown If possible, give sketches ot the clilleient 
phases ot de\ elopinent 

18 Tiace the life-lnstor 3 ' of anj’’ plant, luing foi nioie than a yeai, 
which you ha\e caiefiilly tended iindei ciiltnation fiom seed and back 
again to seed 

19 Name a flesh^?^ fiuit Desciibe the stiuctiiie of the tlowei of the 
plant to wliicli it belongs and the development of the fimt, and point 
out any acl\antages deiived by the species from its fleshj^ stmctiue 

20 Describe the oliange.s whicli an ovule undeigoes in becoming a 
seed 

21 Mention two plants each of winch possesses apeisistent catyx 
Fully deseiibe the catyx, and explain its nse to the jilants in both 
cases 

22 What aie the puncipal modes in which seeds aie dispeised’ 
Desciibe the mode of dispersal in Goise, Violet, Willow, Blackbeiij^ 
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THE BEAH FAMILY. 

293. The Study of Typical Plants. — lu the folio 
cliapteib we shall study vdiio us common plants as'' types 
of ceitain oideis oi families Each of these plants 
should he studied throughout its life history. The 
best way is, of couise, to make lepeated visits to the g lowing 
plants at slioit mteivals, day by day (and at diffeient times 
of the day in some cases), -week by week, month by month, 
thiouglioLit the yeai In any case — moie especially if these 
fiequent visits cannot conveniently be made — dig up the 
smallei plants and keep them undei continuous olisei vatioii, 
mdoois 01 in a gaideii, making notes, and sketches, of the 
vaiious, stages in the piogiess of the plant’s giowth and 
development Sow the iipe seeds of each plant and study 
the stages of geimmation and the giowth of the seedling 
into the matuie plant Caiiy out all the e.\peiimeuts 
mentioned in connection with each plant and any otlieis 
which suggest themselves as being likely to yield auswei s to 
the questions aiisiug fiom the study of the plant itself 

Many plants which do not glow wild m But am, oi aio 
laiely met wuth as wild plants, aie giowm m gaideiis, oi can 
be bought fiom nuisei^men If possible get the “ loots ” oi 
bulbs and glow the plants, oi sow then seeds 

294 Among the many points to be attended to, the follo^ving may 
be mentioned — 

(1) The habit (foim and geneial appeaiance) of the plant — c q tiee, 
sill lib, climbing, cieeping, losette-foim, elect lieib, bulb fuiniing— and 
the i 1 j iiabit 

(2 hedge-row, field, maisli, diteh, 

pond, stieam, wood— and the adaptations to the liabitat 

266 
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(3) The conditions of giowfcli as legaids soil — e g sand, clay, loam, 
chalk, nioistness oi di^aiess ot soil, piesence oi absence of humus 

(4) Tlie light Conditions — wheLhei deeply oi pai tially shaded oi in 
lull light 

(5) The associated iilaiits and IIild liabiLs and adaptations 

(fi) The chaiactei^ of the vegetati\e oigans ut the plant— e 
methods loi leaching light and an, foi spieading In luiinei'^, etc , foi 
peiemiating, stoiage ot lood, foini and te^tiiie of stem and of leaf, 
hail mess oi smoothness, buds (stiiictuie, toini of young leaves, unfold- 
ing), aiiangeinent of leaves, tuim of blade, lengths of leafstalks, 
movements ot young oi adult leaves, abundance oi scaicity of stomates 
on uppei and lowei sui faces ot leaf, methods b;v Mdiu’ • ’’ ’t 

leaves aie piotected against excessive tianspiiatioii, , 

(7) The chaiacteis of the ie 2 noductive oigans {note any means of 
vegetative pi opagati on apait fiom the piodiiction of seeds ) — c q time 
of tlowoimg, eoloiii, scent, Iione^ , mechanisms foi pioniotiiig cioss- 
polhnatjon, Is^inds of insects iaceii ^ isiting the flon'ci if insect pollinated, 
adaptations foi insect-visits oi foi w md pollination, movements ot 
floA\ei-paits oi ot flowei stalks and the leasons foi the mo\enients, 
stiuctiiie of Howet (dissect, cut longitudinal section, and chaw these 
'ind also the giound-plan oi ‘ floial diagiam” ot the flowei), stages in 
development ut tiuit, giow th ot o\aiy-\\all attei teitihsation and an^ 
changes iii its textuie and coloui, giovth of otliei paits (calyx, le- 
cepbaclc), stiiictiue ot iipe fiuit (sketch v hole ftiiit and sections), tune 
wlien tiuit iipeiis, niimbei and si/e of seeds, piopoiLion of seeds to 
OMiles, adaptations foi seed-dispeisal by buds oi otbei animals, by 
wind, by mechanisms foi ejection , wdiethei the plants giow*- singly oi 
in colonies 

Foi vaiious special points m the biology of tiees and sliiubs see 
Chaptei XVI Wheie small-tj^po deseiiptioiis aie enclosed in stpiaie 
biackets [ ], it means that the plant is not a native ot Butain 


The following abbieviations aie used in the Notes on Common 
Plants m blic succeeding Chaiiteis — 


A, andiccuim (stamen^) 

alt , alteiiiate 

Blit , Bi itish Isles 

C, cuiulla 

cf , compaie with 

comp , compound 

cpl , caipel 

cultcl , cultuated 

clistd , distingiii'^hecl 

esp , especially 

exc , except 

fli , flowei 

G, gyiiecium (pistil) 

mt , inlet loi 

infl , iniioiebcence 


K, calyx 

loc , loculus (of ovaiy) 

-loG , lociilai 
opp , opposite 
P, peiianth 
pel , „ 

lec , leceptacle 
leg , legulai 
lepcl , icpiesented 
sta , stamen, stamens 
zygom , zygomoipliic (iiiegiilai) 
$ , male 
? j tern ale 
5 , lieimaplnodite 
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295, Classification of Seed Plants. — Seed plants (see 
Art 1) aie divided into two mam gioiips — Gyninosperms 
and Angiosperms. In G-j^niuospeiins the ovules (and theie- 
toie the seeds) aie not enclosed m an ovaiy, oi ^eed- vessel , 
in most (though not all; cases they are caiiied on the suiface 
of the fiat carpel-leaves In Augiospeims, on the other hand, 
tlieie IS an ovaiy oi seed-vessel foiined of united carpels, oi 
of a single eaipel with united niaigius 

Angiospeims aie divided into two classes — a lowei class 
(Monocotyledons) and a liighei class (Dicotyledons), the 
foimer having an enibij^o with one cotyledon, the lattei an 
embiyo with two cotyledons E\en this distinction is not an 
absolute one, and the other distiugmshing maiks aie even 
moie liable to exceptions if taken singly, hut on the whole 
it IS always easy to tell a Monocotyledon fioni a Dicotyledon 

Monocotjdedons geueially have the stem- bundles scatteied 
m Cl OSS- section, the individual bundles are “closed” (without 
a caiubium-layer), the main leaf-bundles (veins) aie paiallel 
and connected by delicate cio'^s-veins, and the flowei-paits 
are in thiees In Dicotyledons the stem-bundles aie geneially 
aiiauged lu a single iiiig as seen m cross -section, the bundles 
are “ oj^en (with cambium between bast and wood), the 
finei leaf- veins foim an iiiegulai netwoik, and the flowei- 
paits aie in twos, foiiis, oi fives Yeiy few plants “bieak ” 
moie than two of these lules, and no plant bieaks them all, 
in exceptional cases the plant’s position is usually easy to 
define on its geueial afiinities, instead of by applying moie 
or less aibitiaiy laws 

296. Characters used ui Classification. — The geneial 
lule -with legal d to the kind of chaiacteis used in the classify- 
ing of plants IS that the less cmij pa'it of the jjlcint is concerned 
with Sjpecial habits the moi e wi'portaiit is it foi classification 
Poi instance, the vegetative oigaus (loots, stems, leaves) aie 
of little value in chaiacteii&ing the laigei gioups, because 
they aie on the w^hole moie liable to vaiiatiou and modifica- 
tion than aie the floweis and fiuits, though some vegetative 
characteis (e g the alternate oi opposite aiiangement and the 
veiuing of the leaves) aie less liable to modification than 
otheis and can be used m classification Of the floial 
chaiacteis, the most geneially useful is cohesion (Ait 257), 
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but othei cbaiacieis (adliesion, form of leceptacle, symmetij, 
number of paits in a wboil, placentation, etc ) aie aUo used, 
as aie also tbe cliaiacters of tlie fiiut and seed (e cj numbei 
of cotyledons, foim of embiyo, piesence oi absence of 
eudospeiin) 

297 Variety, Species, Genus. — Tlie ob]ect of elassifica- 
tion ife to aiiange plants in a scheme ■which shall as neaily as 
possible expiess then actual afiinities oi lelatioubhips by 
Descent, or Evolution, fiom common ancestors A lealiy 
natural scheme can nevei be moie than an ideal to be aimed 
at, and any scheme adopted is only an expiession of our views 
concerning these “blood lelationships,” but as knowledge 
grows by fuithei leseaich the scheme -will become moie and 
moie a tine leflection of the affinities of plants 

Tlieie IS always a ceitam amount of variation among the 
offspiing of plants, no two individuals being exactly alike 
In most cases vaiiation is continuous, oi fluctuating, ^ e 
the vaiying foims aie connected by a continuous series of 
intei mediate foims In some cases, howevei, it is discon- 
tinuous, i e we find on examining a lai ge number of indi- 
viduals that they gioup themselves in two oi moie sets, laces, 
01 varieties, which aie liaidly connected, if at all, by inter- 
mediate forms Many examples of both kindt, of vaiiations 
aie found in cultivated plants Vaiieties diifei fiom each 
othei in lelatively small and vaiiable chaiacteis, often only 
in the vegetative oigans oi in floial oi seed chaiacteis, of 
slight inipoitance 

Species aie gioups which diffei in moie impoitant and 
moie constant chaiacteib of the vegetative oigans, oi of the 
floweis and fruits, oi both When the diffeiences become 
still moie pionounced, impoitant, and constant, we agiee to 
lecognise distinct geneia — a genus being of highei lauk than 
a species ]ust as a species lanks above a vaiiety A numbei 
of related geneia, agieemg in ceitaiu bioad featuies, though 
difteiing (often consideiably) in othei s, constitute a INTatural 
Order- 

Moreovei, though different Natuial Oideis diffei fiom one 
anothei in impoitant featiues, we can often tiace a geneial 
likeness in a lew chaiacteis, enabling us to group the Oiders 
into Cohorts, 
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The lelative values of the clitiiacters 'which chstmgiush -what we call 
vaiietieb, species, and geneia can be illustiatecl by conipaiing, foi 
e\ample, the lesemblances and dideiences existing betveen the vane- 
ties of Sweet Pea, C4arden Ped, Bioad Bean, those existing between 
the different species of the geneia LatkipuB^ Viaa, Tiifofinmi etc , 
and those between the diffeient geneia of Leguniinosae 

The Oiclei Legnmmosae is united with seveial otheis to foim the 
Cohoit Rosales, which includes tlie Ordeis Rosaceae, Saxifiagaceae, 
Grassulaceae, and a few more If only the native Biitish geneia of 
Legummosae are taken into account, it hard to see 'why this Older 
is gioupeclwith those ]nst named, but the d/niiosa-tiibe of Leguiui- 
nosae has floweis which differ \eiy little in stiuctuie fiom those of 
ceitain Rosaceae 

As you pioceeci with, the woik of classifying plants, yon 
will lealise that the lioimdanes between vaiieties and s^^^cies, 
between sjDecies and geneia, and so on, cannot be piecisely 
and shaiply defined , the same applies even to the boundaiy 
between the lowest plants and animals This is, of comse, 
3ust what one might expect fiom what has been said about 
vaiiation and evolution Hence an absolutely natuial system, 
of classification can nevei be lealised The neaiest appioach 
to such a classification of Angiospeims is that of Engler and 
Pi anti, adopted in this book, which should be compaied with 
the Bentham-Hookei anangement given m Biitish Floias 

The lelations between a vauety, a species, a genii'^, and au Older 
may be shown as below — 


Oi del 



Genus 



Species 

S^ieeies 


Genus < 


' )Species t 


Species - 


Yai lety 
Vaiiet}^ 
Yaiiety 
Yaiiety 
Yaiietj' 
Yaiiety 
Yaiiety 
Yiuietj 


Of CQiuse, theie aie mauj species winch, though vai table (as all 
species are), have no distinct vaiieties — that is, thej’’ show eontiniiuiis 
but not di scon t muons vai lation A species may have many oi few \ ai le- 
ties, a genus many oi le’w species, and an ordei many oi few gciieia 
In fact some geneia have only one species — that m, a species ma^ lie 
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so clisbincfc fiom othei x^l^nts that it is laised to the lank ot a genus 
And a “iinglc genus may be legaided as foiming an oidei by itselt — 
tlieie aie se\eial such cases known In the scheme given above, each 
bXDeciC'i IS leinescnted as having two \aueties, each genus as having 
two species, and the oidei as consisting of two geneia 

298 . The Bean and Pea Family, so far as the native 
Biitish and the commonly cultivated loieign plants helougmg 
to it aie concerned, can be readily lecogiiii^ed by the chaiac- 
teiistic structuie of the doweis, espiecially the coiolla It is 
theiefore taken hist in oiii study of the chief families of 
Dicotyledons All the commonei Biitish wild plants m 
which the flowei has a coiolla lesemblmg that of the Bioad 
Bean (? e consisting of standaid, wings, and keel) are de- 
SGiibed in this chapter 



Fig Ou — Yellow VetchliDg {Lathyiiis ajjJiaca) 


In studying all the available plants belonging to this 
famity, note caiefully then lesemblances and clitleiences, as 
a hasib foi a knowledge of the geneial piinciples upon which 
the clabsihcalion ot is founded 

The Bean Family is one of the laigest, and also one of 
the most useful, among flowei lug plants The family as a 
whole IS chaiacieiised b}^ the hint being, with lare ex- 
ceptions, a j)od (legume), whence its name Leguminosae 
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In tlie great majontj of tlie species, foiining tlie siib-family 
Papilionaceae, the flower has the same general structme as 
that of the Bioacl Bean Theie aie two othei sub-famihes, 
not lepresented in Britain, one of these includes the Acacias 

and the Sensitive Plant 
{M'liinosa) The family 
includes tiees, shiubs, 
cieeping plants, climbing 
plants, eiect herbs, 
annuals, and peienmals , 
the leaves vary gieatly in 
foim, etc Examine all 
the plants of this type 
that you find g lowing wild 
01 m cultivation 

The British Papihona- 
ecae may be divided into 
five ti ibes I G-oi se ti ibe 
leaf simple oi of 2 or 3 
leaflets, no tendiils, leaves 
(oi leaflets) with entue 
maigin II Clovei tube 
hire I , but leaflets senate 
III Lotus tube leaf 
with 2 01 moie pans of 
leaflets and an end-leaflet, 
no tendrils TV Sainfoin 
tube like III , but pod consisting of 1 or moie inde- 
hiscent one-seeded joints instead of opening by 2 valves 
V Yetch tribe leaf with the stalk endmg in a tench il oi 
pomt 

299 Crorse Tribe 

A Calyx deeply 2-hpped, coloured Ulex (Gorse) 

B Calyx ahorLl}'- 2-hpped, green 

1 Each calyx-hp deeply toothed Gemsia (Petty Whin, Dyei’s- 

weed) 

2 Each calyx-lip minutely toothed Cyiisus (Broom, Labur- 

num) 




THE BEAlSr FAMILY 


273 


300 Clover Tribe 

A Stamens iiionaclelpliuns (all joined) Oaoma (Resb-haiiow) 

B Stamens diadelplious (iippei one ±iee) 

1 Floweis in heads, pod stiaighfc Tnjolnun (Cloveis) 

3 Mosveis in laoemes, pod coiled Mtditago (Medioks) 

301 Lotus Tribe. 

A Caljx shortei than coiulla 

1 Pod constiicted between seeds. Lotus (Biid’s-foot Tiefoil). 

2 Pod dnided by a longitudinal paitition Att)agalus (Milk 

Vetch) 

B Cityx longei than 001 olla (Lady’s-fingeis), 



Fig ‘iij — ]\[Gclnin 'tsectioii, Flouei of Culmiii^ Pi.a 
^Vla = viug petal, uuina IcglI 


302 Sainfoin Tribe 

A Pod cylindiicalj many-jonited Oi mtliopm, (Biid’s-ioot) 

B Pod flat, of seveial eiiived joints Hipijjou (Hoi sc .shoe 
Vetch) 

C. Pod haid, oue-'seeded 0;io&5 (Saintom) 

S. 13 


18 
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303 Vetcli Tribe. 

Id ViLia (the Vetch genii'^, to wliicli the Bioad Bean belongs) theie 
aie usually at least 4 i^aiis of leaves, and theie is a tuft ot haiis on the 
style, below the stigma In Lathy) (Vetcliling oi Pea genus, 
including the .Sweet Pea) the leaflets aie ±cw (usually 1 or 2 pans) 
and the style has haiis scatteied ovei it, not in a little tuit 



304. Flower Mechanisms in Papilionaceae — In ex- 
amining the floweis note any dilteienceb. in the calyx (lobes 
equal 01 unequal in length, smooth or haiiy, etc ) , the coiolla 
(how aie the wings jointed with the keel , the ten stamens 
(is the stamen joined with the olheis so as to foim a* com- 
plete stamen-tube, or is it tiee, and aie the filaments equal oi 
unequal in length , the pistil (length oi style, its position 
with the keel, piesence oi absence oi haiis) In each case 
sketch all the paits caieiully (sketch the sepaiate paits and a 
longitudinal section of the floAvei), and find out what happens 
when the keel is piessed down , it possible, w’-atch bees at 
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wolk ou tlie floweiri The following notes on the chief types 
of flower-mechanism may be nsehil — 

(a) Stamens and stigma emeige fioui keel when it is de- 
piessed, and letuin inside it again when the bee flies away, 
the same flowei may theiefoie be visited seveial times 
Clovei, Sainfoin, Labninum, etc 

(h) Keel-petals joined above as well as below, leaving a 
small opening at the tixi , pollen shed into iippei end of keel 
befoie flowei opens, five of the stamens have filaments 
thickened below the antheis, and the piston thus foimed 
pushes out some of the jiollen each time the keel is depressed 
Bud’s foot Tiefoil {Lokcs) The othei five stamens are 
shoitei and shiivel up aftei they have slied the pollen, which 
IS earned by the long stamens (those with the thickened 
ends) into the tip of the keel A somewhat similai mechan- 
ism IS found 111 the Lupin and in Ladj’^’s-fingeis {AntlujUis) 

(c) TJpxiei edges of keel-petals at fiist joined, and pollen 
foiced out at tip, as in h, but latei on the keel splits open, 
and stamens and stigma emeige as m a Eest-haiiow (no 
honej'" in flowei, theiefoie stamens all imited) 

(d) Like Bioad Bean, with tuft of haiis on the style 
which sweeps the pollen out of the keel when the latter is 
depiessed most Vetches and Peas 

(e) Mechanism as in d, but stamens long and coiled up 
within a coded keel Kidney Bean, Scailet Eunnei 

(/ ) Stamens and style tightly held, moie or less coiled up, in 
the keel imdei tension, and spimging out violently when keel 
IS depiessed Goise, Bioom, Petty Whin {Genista Anghca)y 
Dyei’s-weed {G iindona). Lucerne aud othei Medicks 
(Medicago) 

Eecent obseivations on the flowers of Papilionaceae have led 
to the generalisation that while manj^^je? ennial kinds have self- 
stei iZe flowei s (see Ait 263), aZ? the selt-fei tile Kinds e annuals 
Some of the lattei, in fact, aie self-polhiiated befoie the flowei - 
bud opens {e g Sweet Pea, G-ai deu Pea) The annuals cannot 
afloid to be self-steiilo, because they depend on each }eai’s 
Cl op of seeds foi theu veiy existence, wheieas peienmal plants 
can safely iiin the iisk of not being pollinated at all on the 
chance ot seeming cioss-polhnation now and then. 



276 


THE BEAN FAMILY. 


QUESTIONS ON CHAPTER XI 

1 DescLil)e the leaf of a Sweet Pea, with a eaieful sketcli Why is 
the stem of the S^\eet Pea “AMiiged” <’ 

2 DefaCiibe the appeaiance of (1) a joiing Sweet Pea tenchil hefoie 
it lias met wi tii asuppoit, (2) a tench il Inch lias just caught a siippoit, 
(3) the same at a iatei stage, (4) an old tench il winch has not giasped 
any suppoit 

3 Describe, tiom yoiu own obsei nations and expeiimeiitb, how a 
tendul acts 

4 Desciilie the vegetative paits (shoot and loot) ot the Eveilastiiig 
Pea, and coinpaie it thioughoiib witli the oi dinar y Sweet Pea 

5 Desciibe, with sketches, tlie llo\\ ei of a Sweet Pea and its method 
of pollination 

6 Desciibe a common Vetch (Viua) and coiupaie it (as to shoot, 
leaves, Uoweis) with Sweet Pea and with Bioad Bean 

7 Why is the Bioacl Bean placed with the Vetch ( Ficict) genus, and 
nob with othei “Beans,” e g Eioncli Bean oi Scarlet Rumiei 

S Desciibe the mode oi: giowth of White Clovei and compaie it 
\\ ibh that oi Red (Jlovei, pointing out how the vegebali\ e uigaub oi each 
adapt it to its siuiounduigs 

9 Desciibe the sleep-movements ot a Clovei loaf as they occiu in 
natiue, and evplain then caiibos and then utility G-i\e an accuuiit ot 
expeiirnenis you have youiselt made on these moveiuenls 

10 Compaie the habit, habitat, Icaf-stiucbiiie, and leaf movements 
of Clo\ei and Wood Sou el 

11 Desciibe and compaie the flowois of Red Clovei and Wliite 
Clovei, iiomtmg out any thlleioncos in sLiiictuie and mode ot pollina- 
tion 

12 Desciibe the way in which the Scailet Ruunoi climbs, and com- 
paie its climbing \Mth that ot Sweet Pea oi Gaiden Pea 

13 Can 3 "OU explain a Scailet Runner can oiil}^ climb veitieal 
01 inclined suppoits, while a Sucot Pea can climb louiid even liuii- 
zontal sux^poi ts i 

14 Describe the fiowei stuictiue and xiolliuation-mecluimsin of a 
Scailet Runnel, with sketches 

15 How can 3 'ou cause a Sweet Pea xdant, or a cut biaiicli, to go on 
flowering foi a longei time than it w'ould if left alone? 
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16 Sketch pait of a, Goise plant, maiking cleaily winch striictuies 
aie leaves and which aie stems How aie these oigans di'atingiiished ’ 

17 Point out the stiiictuial featuies by which a Goise plant is 
adapted to its usual habitat What othei plants are often found 
glowing along m ith Goise ’ 

IS Desciibe obseivations and eYpeiiments which show that the 
peciiliai featiues of the Gorse plant aie adaptations foi endmiiig 
di ought 

19 Describe the seedling of Goise, and discuss its structure and its 
relation to the stiiictuie of the matin e plant 

20 Desciibe the stiucture of the Goiso flower What happens 
when a bee alights on the flowci ^ How often can a Goise flowei be 
visited by bees ’ 

21 Describe the appearance of a Labinniim tiee (1) in winter, (2) in 
spiing, (3) ill late summei or in aiitiinin 

22 Desciibe the infloiescence ot Labiiinuni, and compaie it with 
the infloiescences ot the other plants of the Bean family'- which you 
have studied 

23 In Avliat lespect does the niitiitioii of plants of the Bean faimlj' 
diffei fioni that of most flow eimg-plants ’ 

24 Name eight papilionaceous flowers, of ivliich six must be Biitish 
Describe caiefiilly, from observations you liave made, the pollination 
of any one of these and diaiv its floral diagiam 
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MONOCOTYLEDONS 

305. Crocus — The life-liihtoi y of the Ciocns should be 
caiefully studied by coutiiiiiou's obseiyation, accoidmg to the 
following detailed iiisti actions 

dTote that a diy lestmg-coim is almost entiiely coveied 
by blown scales, thin and diy What can you see of the 
structuie of the scales Pull off a bit of this scaly coveiing 
which suiface (outei oi innei) is rough and dull, and whicli 
IS smooth and shiny In winch duection can the scales be 
tom easily, and why ^ Do the stimgs oi fibies, of which the 
scales aie almost entiiely made up, lun paiallel, oi do they 
diveige aud foim a netwoik, oi do they show both of these 
aiiaugements ^ What do you think the btiings aie, oi at 
any rate weie at one time ^ 

How look at the flat oi concave lower end of the “ bulb ” 
(how can you tell which is the lowei end and notice the 
loughly ciiculai patch Unless you have examined Ciocuses 
after they have been dug up when the giowtli of floweis and 
leaves had finished foi the season, you canuot tell how this 
patch was foiined What can you see on the lowei end of 
the “ bulb,” -jUst outside of this patch ^ Sometimes one can 
plainly see nuineious shoit slendei white pointed pio]ections 
in this pait, aiianged m a iing If you can i^ee these, you 
should be able to guess that they aie young loots 

Now lemove the scales caiefully one by one, btaiting fiom 
the lowest Notice that each scale goes light loiuid the 
“ bulb,” aud that on lemoviug it you can see a blown hue 
wheie the scale was attached (Fig 101) What name might 
be given to each of these Imeb What name is given to the 
place wheie a seed bieaks tiom its stalk, oi a leaf fiom the 
stem ^ Would you_call the haid white solid mass to Avhich 

278 



MONOCOTYLEDONS 


279 


these scales are attached a stem? We hrLOW that a stem 
beais leaves aud buds As you lemove the scales, notice 
that they become moie crowded at the top, so tliat the scais 
aie closei together heie What do you see pro]ecting fiom 
this uppei end ^ Can you find any similai piojections lowei 
down''^ In most cases you will find one between any two 
neighbouiing scais What aie these pio]ecting bodies ^ 


Fig 101 


Fig 102 


FLOWER^ 



Fig 103 


Fig 100 


Figt! 100 103 — Ciociis 100, Entiie PLiut jnst befoie fclio Flo^voi luas opened , 101, Coiiu 
fiom below , 102, Side vle^\ of Coim , 103, Floivei a-s laoeu fiom abo^e 


Fioin these observations you should be able to infer that 
the “ bulb ” IS a shoit thick stem beaimg "btids, and is there- 
foie a form of shoot It is distinguished fiom most bulbs 
(Onion, Tulip, etc ) by having a laige thick stem and thin 
diy scales instead of a very small disc-like stem and thick 
fleshy scales , it is theiefoie called a “ solid bulb ” oi corm. 

hTow pick off one of the laige buds fiom the top of the 
conn, and veiy caiefully dissect it, making a sketch of the 
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entile bud and of each pait you remove from it Notice fii&t 
the scales , how many aie theie, how aie they m&eited 
(tiace each one caiefully to its batse), how do they lesemble 
the scales, you picked otf the coim itself, and how do they 
diftei from these ^ Next notice the yoiino yellowish oi gieen 
foliage-leaves, each having a bioad base mseited like a img 
aioiind the lowei pait of the bud, tins pait is not easy to 
make out clearly, so you nia}’- have to tiy seveial buds, 

What do you fine! in the centie of the biid^ In most 
cases you v ill find one oi (in some Ciociises) seyeial tapeiiiig, 
peai -shaped bodies coveiecl by a papeiy sheath, and tapeimg 
to a point above and into a stalk below Each of these 
bodies IS a flower-bud, containing a young fiowei Notice 
the long tube ending above in si\ pointed oval lobes , the 
stamens (how many ^), which aie alieady veiy laige as 
compaied with the “petals”, the stjde, ending in the thiee 
fan-like stigmas 

Now examine some Ciociis plants in flowei and in eailiei 
stages of giowth, oi plant some conns m moist sawdust 
or soil and watch then giowth Notice the spelling and 
upivaid giowth of the buds, the loots whuli spiiiig fioin 
the base ot the conn, aiianged in a iing , the sheath, con- 
sisting of the eiilaiged bud-scales, which coveis the young 
shoot until it has gioivii well above the suiface of the soil, 
the bill sting of the scaly sheath and the appeal ance of the 
foliage-leaves, winch aie now biiglit gieen in coloiii , and the 
escape of the flowei fioni its sheath 

Examine the flowei caiefully, noting and compaiing what 
you see in fiowei s in cliff eieiit stages, or in the same flowei 
day by day fiom the time of its emeigence fiom its sheath 
Note the six coloiiied lobes, thiee oiitei and thiee innei, 
which foim the most conspicuous poition of the fiowei, and 
which aiise fiom a funnel -like stiuctuie, piolonged below into 
a long naiiow tube The tube, funnel, and lobes togethei 
foim the ijeimnth 

Note the thiee stamens, each consisting of a long anthei 
(showing the foiii pollen-sacs veiy distinct l’^) and a shoit 
filament the lattei is inseiied on the mouth of the flowei - 
tube, opposite a “ sepal,” and the stamen is speai-shaped 
owing to the anthei being pioduced into a shaip point on 
each side of its base (whei e the filament is attached) Note 



MOI?’OCOTTLEDONS 


281 


the tliiee fan>like sti^iiiari, witli nioie oi less toothed or 
fulled edges, continued below into the style, cut open the 
floAvei-tube and trace the slenclei style light down Both 
the style and the flowei-tube aiise fiom the top of a swelhng, 
the ovaiy, cut the ovaiy across and notice the numerous 
“young seeds” aiianged in two longitudinal lows on the 
inner side of each of the thiee ovaiy-chambeis Below the 
ovaiy is the flowei -stalk , the hi acts spiing fioin this stalk, 
just below the ovaiy 

Close obseivation of a flowei day by day will show that the 
lobes spiead out in the daytime and move inwaids at night, 
thus causing the opening oi closing of the flowei The fiowei 
opens when exposed to light, sufficient waiinth, and diy an, 
whilst its closing may be caused by coldness or dampness of 
the an as well as by daikness The movements of opening 
and closing can, by caieful ineasniement, be shown to be 
caused by the outei sides of the peiiauth-lobes gi owing faster 
(closing movement) oi inoie slowly (opening movement) than 
the innei sides What aie the advantages to the flowei of 
tins powei of opening oi closing P What othei plants, grow- 
ing wild or in gaidens, have lloweis which open on blight 
days and close on dull oi wet days and at night ^ Foi how 
many days does a Ciocus flowei lastP 

It IS easy to discover that the autheis open by two slits, 
shedding the pollen ontwaids, i e away fiom the centie of 
the flowei, tliat this happens while the stigmas aie m contact 
with each othei, and that a day oi two aftei the antheis have 
opened the tlnee stigmas sepaiate and spiead out, one opposite 
each imie) peiianth-lobe Do you see how this helps in 
piomotmg Cl OSS -pollination P The Ciocus flowei s aie visited 
by bees, buttei flies, and moths 

The Ciocus contains honey in abundance, as can easily be 
seen by opening up the peiiaiith-tube , the honey, pioduced 
by glands in the paititions between the tlnee ovaiy-chambeis, 
uses up the tube and can be sipped by bees enteimg the 
flowei The bee stands on the peiianth-lobes and pushes its 
head into the fumiel-like mouth of the tube, seeking foi the 
honey, and in doing this it touches the btigmas (if these have 
spread out) and then tlie stamens If, howevei, cross-pollma- 
tion fails to occui, the stigmas may curl ovei and touch the 
antheis, bunging about self-pollination. 
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After tlie floweiing period the peiiantli, stamens, stigmas, 



I 


Pjgfi lOl, 105 — VeiLical Section of 
Flower and Floi il Diaguiin ot 
OioLus (Aftoi Cliui Ji ) 



aud style witliei , if feitilisation lias occuiied the ovaiy glows 
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large! and forms the fiiiit, -Yrhich later on is earned upwaids 
by the lengthening of the flowei -stalk The fruit (capsule) 
iipens in June (in Spiing Ciocuses) and splits down the 
middle of each chainbei, setting the seeds fiee 

Long aftei the flowers have witheied the foliage-leaves 
peisist, cai lying on photosynthesis and stoiing up food 
Wheie, and in what foim, is this food stoied Examine a 
Ciocus plant in May oi June, noting the swollen base of each 
shoot that has giown fiom a bud on the coim The lattei is 
now withered and shiiinken, while the swollen shoot-bases 
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Pig 106 — Cotm ot GI-iLlioliia ieuio\iil of tnvelopiugecalea 

Tlie Bud foiiuH the Coim ot ue\t you , the AcLunaoiy Bud faopaiutes ami foiins 
a new plant 


aie flesh and plump Cut veitically thiough one of these 
swollen bases and note the solid white mass, which is obviously 
a yoitnq coim The young conn is foimed by the welling of 
the base of the stem, and its cells contain food which has 
lieen made by the leaves and has tiavelled downwaids foi 
stoiage in the young coim Of what natiiie is the stoied 
food in the Ciocus conn ^ 

The new coims continue to giowin size until the foliage 
leaves die and withei , when they Avill be found to have become 
as laige as the paient conn (to which they aie attached) was 
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when planted Three oi 
fom, 01 even moie, new 
coims may be developed 
in this way on the paient 
coim G-aideneis usually 
dig up Cl ocuses af tei the 
leaves have witheied, and 
the young conns, which 
leadily bieak off fiom the 
old witheied conn, aie 
stoied in a diy place until 
the tune comes foi’ plant- 
ing them In this way 
the number of conns is 
multiplied, and in most 
cases gaideneis do not 
tiouble to raise Crocuses 
from seed Hence by the 
formation of conns the 
Crocus is not only enabled 
to last fiom yeai to yeai, 
i e, to become a poeniiud 
plant, the pioduction of 
sevei al new coi ms on each 
old one is a method of 
vegetati ve m'ldtiph cation, 
i e inciease apait fiom 
seeds In Gladiolus (Fig 
106 ) the conns lemain 
connected in chains 
How Ave can explain 
ceitam featuies of the 


Pjg 107 — ^A^'ditjcal Section of Flo\sei of Iiib 
(A ftei Ghnicli ) 

On tlio left ai e Bho^\ n in outoi pei i inth ^egmont, 
a, iietaloid style entile, and an innei pustuiiui 
pauanth segment cut in half On the light 
an outei anteiiui peuantli aogment and i 
style aie cnt in halt shoning a stamen l3Jng 
between them , at the back is a hiteial innei 
pel ninth segment (petal) , s = stigin i 


diy Ciocus coim The 
patch at the hase of the 
coim IS the sett) Avheie it 
sepaiated fiom its paient 
Goi m The hi oivn sti iiigv 
scales aie the witheied 
bases of the bud-scales 
and the foil age- leaA^es 


Compaie caiefully the paits of the fiesh young conn Avith 
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tlioise o£ (1) a cliy conn, (2) a bud on a diy coim, (3) a shoot 
which has giown fiom a bud 

306. The Crocus and Ins Family (Iridaceae) is easily 
distinguished fioni othei Monocotyledons by the petaloid 
b-lobed x^eiianth, the 3-chanibeied infeiioi ovaiy, and the 
3 stamens 

Examme tlie t^\o common Biitish species of L ts — Yellow Flag* 
[I p^cudacoi iis) and Roastheef Plant (/ foUiditi^tnia) — oi one of the 
cultnated Iiises Note the veiy laige petaloid stigmas (Fig 107) 


307. Bluebell oi Wild Hyacinth {Scilla nutans) is one 
of the most familiai of spiing-floweiing plants It giows 
best in woods which aie not too deeply shaded, but it sends 
up its leaves and floweis eailj in the yeai, thus gaining the 
beneht of the light and of insect- visits betoie too many othei 
plants have joined in the competition By the end of May, 
when the wood has become darkei with the full foliage of 
the tiees, tlie Bluebell has ceased flowering 

ISTote the long (9 to 18 ins ) and naiiow (about J in ) leaves , 
the floweiing shoot which glows, as a lule, beyond the 
leaves, the bell-shaped peiianth, the six paits of which aie 
fiee, or joined only at the bases, the stamens, one inseited 
on the ba^e of each peiianth-leaf Below each flowei theie 
aie paiied biacts, which help to pack up and piotect the 
floweis in the bud-condition Note the blue coloui of biacts, 
peiianth, filaments, and pistil The lattei consists of a iibbed 
ovaiy (cut it acioss and note the structuie), style, and thiee- 
lobed stigma (the lobes aie often very faintly niaiked) 
Honey is found along the giooves which lun down the out- 
side of the ovaiy, the nectaiies oi honey-pioducing glands 
are in thepaititions between the thieechaiubeis of the ovaiy 
The floweis aie sometimes pink oi even white, instead of 
having the typical blue-puiple coloui Tlie flowei -stalk is 
elect until the flowei opens, then it bends down and the 
diooping flowei is piotected against lain, winch would spoil 
the pollen and honey, finally, when the fiiiit is iipe the 
stalk cuives iipwaids again, so that the seeds aie shaken out 
giadually fiom the thiee slits into which the capsule 
opens 
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Visit plants at inteiYah, so as to obseive all tlie cliauges 
wliicli occui tiom the time tlie leaves and floweis emeige 
fiom the soil until the iipe capsule opens to let the seeds he 
scatteied by the wind Dig up a few plants each time you 
visit a place wheie Bluebells giow, a useful plan is to tliiust 
sticks into the soil to niaik the positions of the plants, so 
that you can get the undeigiound paits aftei the leaves and 



Tig IDS — Clucboll Bulbs 

Aiind B sbou tlio uiuildeLl conti.iUile looL which ijiilla tliij bulb tlowu jinto the boil 


flowering shoots have died down “ The Bluebell is a plant 
which caiiies on a cousideiable pait of its activity undei- 
giound At all times of the >6111 some woik is going on, 
and although much of it is hidden fiom view, a study of 
this undeigiound histoiy constitutes one of the most intei- 
estmg pliaj^es in the life- cycle of the plant ” ^ 

^ AVooclhead, “Notes on the Bluebell,” yaiuialitf, 1901 
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Examine tlie swollen lowei poition of tlie shoot, which 
often lies about a foot below the suiface of the soil Teai 
o:^ the thill outei scales (leaf -bases) which siiiiound it, and 
note the white, sticky, fleshy scales which make up the 
gieatei pait of the swollen mass Cut (1) tiansveise and 
(2) longitudinal slices tliiough this mass, and notice in 
the lattei the small disc-hke stem fiom which all the 
scales aiise, and which beais loots on its lowei smface and 



Figrf lO'"', 110 — Suili Bull) of Tuik’s Cap Lilj 
100 (A), Eiitiio , 110 (B), IMuIian Longitiuhnal Seclion 


buds on its upper suiface This stiuctiiie is a bulb (Figs 109, 
110) It difteis fiom the coim of the Ciocus chiefly in the 
lelativ’^ely smallei size of the stem, and in its investment by 
thick fleshy scales, which contain laige stoies of reseive 
food In scahj bulbs (Lilies, Eig 111) the food-containing 
scales simply oveilap at then niaigms, wheieas in funicated 
bulbs (Bluebell, Onion, Hyacinth) the outei leaves aie laige 
and completelv ensheath the innei poitions of the bulb 
The colouied membiauous coveimg on the outside of such 
bulbs IS f 01 Died by the shrivelled lemains of the food-scales 
of a pievious season 
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The hiilb of a Garden Hyacinth, a Daftodil, and an Onion should he 
examined, since the paits aie nioie easily obseived than in the Bluebell 
The bulb is laigely composed of the enlaiged peisistent bases of loliage- 
lea^es, but it also includes a ceitain numbei of scale-leaves A bud 



Tlie shaded poibion on the left niaiks this jeu h gi(n\th on that side On the light 
the hud of next ye u is shou n 


aiises in the axil ot the iiineunost leaf, and next spiing this "will 
develop into a floweimg axis, suiiounded by a numbei ot fuluige-leaves, 
and outside of these a tew scale leaves Tlie outeimost scales ot the 
pievious yeai shuvel, the umei ones peisist, together with the bases 
of the foliage-leaves, and the enlaiged axillaiy bud now founs the 
cential poition of the new bulb. This may continue foi seveial yeais, 
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but ultimately two oi more buds de\elop in the axils of tlio up}jei 
leaves As they giow tliey luptnie the paient bulb, and aie set tiee, 
aftei liaMiig abboibed a laige amount ol noiiiishment tiom it This is 
especially uell seen iii a Naicissiis bulb Buds, compobed of scale 
leaves enclosing foliage- leaves, may also de\elop iii the axils of the 
outer scale-lea\ es See Fig 110 

We saw that the Ciocus conn coutams abundant staich 
what leseive food is piesent in the Bluebell and these othei 
bulbs ^ On testing a sliced bulb with iodine we find that 
the Bluebell contains veiy little staich, the Onion none at all. 
The chief food stoied m the Onion is sugar, as can bo proved 
by means of Fehlmg’s test, while the Bluebell bulb contains 
chiefly a caibohj^diate substance called imtlin, which lObein- 
bles staich m coinpossition but is soluble in water (less so 
than most sngais, howevei) 

The undeigiound life-hisioiy of the Bluebell is very 
iiileiestmg, and the mam points, as regaid-^ external features 
at any late, aie faiily easy to mahe out Young soedlnigs 
can be dug up in Octobei or hsTovembei, older ones in May 
and June, but if you cannot find the seedlings in the soil 
bung some capsules home and sow the black globular seeds 
The geimination is similai to that of the Onion (Art 87) 

308. The Lily Family (Liliaceae) consists chiefly of 
peiennial lieibs mtli biill3s (Lily, Onion, Hyacinth), ihizomes 
(Solomon’s Seal, Lily of the Valley), oi conns (Meadow 
Saffron), but the oidei also includes a few shrubs (I5utchei’s 
Broom) oi even tiees {Yucca, I))Licarnct) The Butcliei’s 
Bioom lias flat green blanches (edadodos), and the true 
leaves aio lepiesented by small scales, it lloweis thioiighoul 
the coldei months of the yeai, the flowers (bonie on the 
cladodes) usually being dioecious (some with stamens only, 
otlieis with pistil only) Asparagus also has small scaly 
leaves and tufts of giecn ( n i T-'- ’’dee) blanches 

which cany on the tunctio ■ ^ , sometimes 

these cladodes aie flattened That the cladodes of Butchei’s 
Biooin and Aspaiagiis aie leally biauclies is shown hy the 
fact that they beai floweis, and that they anse in the axils 
of scale.s (the tiue leaves) on tlie stem 

The floweis aie legulai and hypogynous The flowci-paits 
outside of the stamens aie all colouied, and do not diilei 

19 
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much, i£ at all, in foim, they aie therefore said to form a 
lyeuanlh The peiiauth neaily always consists of si\ paits, 
laiely of eight paits {ecf Heib Pans, Aspidistia), and 
usually theie is a division nuo thiee innei and thiee outer 
paits Theie aie usually six stamens, aiianged in two seiies 
(whoils), outei and inner The pistil usually consists of a 
thiee-chaniheied ovaiy -with nuineious ovules in each chamhei, 
a single style, and a o-lobed stigma Note that in Bluebell 




and Tulip the peiianth-pails aie fieo fioni each other, whilst 
in the ma]oiity of Lihacoae (Fig 112) the}^ aie earned uj) as 
levies on the inaigiii of a tube, the stamens being mseited on 
the innci side of the tube 

Both selC- and cioss-polhnat-ion occiii, most of the floweis 
being adapted lor long-tongued insects In most Liliaceae 
honey is piodiicod by glainlulai tissue in the paititions 
between the chambers of the ovaiy In Col clue am honey 
IS secieted on the outei side of the hlanicnts of the stamens, 
at the bases of their fiee paits, not m the long pei lanth-tube 
In Tulip and Gallic theie is no honey, but the flowers aie 
visited foi pollen In Heib Pans the dusky coloui and fetid 
smell of the flowei attiact caiiioii-loving flies, which alight 
on the stigma and then ciawl ovei the antheis, becoming 
dusted with pollen, 

The fruit IS eithei a capsule oi a beriy, and the seeds aie 
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euclospei niic , the emlosperin o'eneially contaius oil and 
pioteicls and the cell-walls aie tliickened (cellulose) 
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Fi!' 113 — Rluzoiiio of Soloiiion’H SoiiJ 
Tlio nunibuM lopLu^joiit incjiouioutH of wiiLooj'iivo 3 1 un 


309. Daffodil (Kiucissus jiseiuJona) cifisui?) oiuwh wild in 
vaiious localitieid, but ha^^ often been mtiodiiced and 
“ uatm alised ” Its bulb has iiiucli the Siuno stiuctiue as 
that of the Hyacinth, and its long iiaiiow leaves lue coveied 
Willi bloom and blunt-tipped 

The laige flowers (Maich, Apiil) are cairied siiigdv on a long 
and latliei flattened floweiing stem The young ilowei is ]>i o- 
tected by a sscale (biact 01 spatlie), and ih at hist eiecl, l)ut 
befoie opening becomes hoiizontal oi neaily bO, while its 
shoit stalk also turns towaids the light The biact becomes 
witheied and viinkled as the flower ojieiis, but still cl.isps 
the ovaiy, winch is infeiior The peiiantli-tiiljo is funnel- 
shaped, about 18 min long, 15 mm wide at moiitli, 4 min 
wide at base , the peiianth-lobes (tliieo oiitei and tliieo niiiei , 
but mseited close together in a iing) are pale yellow ami 
ovate with acute tip Eeyond the perianfcli-tube is tlio 
corona, a cyliiidiical oiitgiov^d:li 30 mm long and 15 mm in 
diametei, deepei yellow than the lest of the peuaiiUi, its 
mouth IS fulled and its mnei sin face wiiiilded 

The six stamens have long fllameuts, mseited a little a])ove 
the base of the flowei-tube , the long antlieis aie close togetliei 
aioundthe style, a little below the thiee-lobed stigma whicli 
stands lathei moie than half-way up the coiona , the antheis 
open inwaidfc. by slits A little honey is secieted by tLe ptbi- 
titions sepal atiug the cliambeis of the ovary, neai the top , 
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the BmOill lioney-poies at the base of the style can be seen 
with a lens 

Since the flowei-tube is veiy wide, except at the veiy base, 
insects of all kinds can entei and take away pollen and honey , 
the pollen fiom the binst antheis falls on the lower side of 
the horizontal coiona The flowei is, howevei, adapted for 
pollination by laige bees, which in eiiteiing mb fiist against 
the stigma and piobe foi the honey wliicli collects below the 
uisoition of the six flat filaments Each flowei lemaiiis ojien 
and leady for lusect-yisits for about three weeks , the stigma 
and autlieis aie piotected by the laige coioua, which makes 
the flowei consjncuous 

310 TJie Snowdrop {(JtihutthiL& though not a native 

Biitisli plant, occuig as a gaidon escape ni v.ii ions places It has a 
mnall bul)>, which eacli yeai piochiccs a scale leaf, tvo foliage 
leaves, and a fiovenng stem bcaiing a single fluwei IMie scale-leaf 
foims a piotecti\e sheath , the swollen bases of the foliagc-lea\ os aiul 
the ■ ' '■ the fioshy scales of the new bulb , the fiowoiing 

stei . I Df the upper fohago-leat, and the axis ends in 

a floweung bud lot iie\t ycai A new bulb may anse as a bud in the 
axil ot the sheathing scale-loaf ol that ol tlie lowei foliage-kaf, 
and ultiniaLoly sepaiate fiom the mam axis, which glows on yeai 
attei yeai 

The ILower is atfiist cioctand enclosed in a shcalliing biact, whieh 
has two tlnck giecii side poi Lions and a colouilcss middle poition and 
is puiloiigcd above into two claws 'I’lio ovaiy is intoiioi, tluoe- 
cluunboied, and contains numoious ovules The ponanth consists ot 
SIX flee paits, of which the outer thice aie white, elliptical, with 
nairow base, and the innei thiee aie shoitei, hioadei, and notched at 
the top The ouLei peiianth-leaves aio spioading, while the iiinei 
ones aie neail}’’ \eitical and have on the uutei side a guen V-sliaped 
patch following the notch, and on the innoi side aliout eight giceii 
lines The six stamens aiise tioni the top ot the ovaiy, within the 
pei lanth-leaves , the filaments aie slioit and slcndei, tlio antheis long 
and tapeiing and ending each in a thiead-ldco piooess at the tip The 
antheis aie close togetliei and foini a cone aiound the style, each 
opens by a poie on the innei side at the top, but each poie extends as 
a slit to the base of the anthei Within the six lilaments and ainund 
the base of the style theie is a i mg like nectary , the style piojects 
beyond the antheis and ends in a pointed tip W'hich beais stigmatic 
bans 

The flosvei peitoinis opening and closing movements, confined to 
the tliLce outei peiianth-leavcs Tliese movements aie, as in the 
Ciocna, dependent on terupeiatiiic , waimtli causes bliese segments to 
glow more lapidly on the innei side and thus In cuivo outwear ds, 
exposing the conspicuous nnici segments Tiie fioweis aic adapted 
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foi pollination by beos, and in gardens bliey aie chiefly Msifced by 
liive bees The bee, Undiiig on the ontei peiiantli-lcavcb and gia'r.ping 
the iniiei ones, inb^ agmiisL the oufcuM-rdly ciuvcd tips of the antheis 
and bung*, a sliowei ot the di 3^ dusty pollen on its head, having ^ne- 
viously nibbed against the stigma Selt-polhnation oceius fierpienlty, 
espeoiall3^ when the ueabhei is veiy cold and no bees aie about 


311 The Daffodil Family (1 • ' '' ffers fioin 

Liliaceae m having iiu lufeiio ^ ^ I ‘ ■ Iiidaceae 

111 having bix stamens It includes many showy gaideu 
plants 


312. Early Purple Orchid {0)6}ds m%scuht ) — This is 
tlie commonest and best known of Eutiish -wild Oichids It 
glows in vaiioiis situations, most luMuiantl}^ in low- lying 01 



Fiij Hi — riowei (honb vicu) ana JPloi il Di.igi ini <>t Olu^ll^ 


bhelteied and moist meadows, wheie its flowoiing shoot may 
leach a height of ovei a foot, while on exposed downs it is 
only a few inches high 



294 


MONOGOTTLIUBONS 


ISTote tlie '^tiap- fell taped leaver, wliicli come up in a rosetle 
aloni* with, and feuiiouiidiny, llie infloiesceiiee ahoiit, the 
middle 01 end oi Apnl , each leaf cla&p& tlie feieni at the hafee 
and iibiially has daik puiplisli spots oi hloicihca 

Examine the floweib, uotin:^ then spiitil aiiangeinent on 
the stem, tlie jonugest oneb hemg at the top Note the 
biact below each iiowei (Fig 114) , tlie thiee sepals, alike lu 
foini and size, the tin ee petals, one oE winch is largei than 
and diheient in shape fioni the othei two This huge petal, 
the luheUitm, consists ol a bioad lij) and a cuived spin , it is 
lather like the spiuied x^ctal in a Violet., but it coiita.ms no 
Injiiid lioney The tlnck wall of the spin , howcwei, consists oL 
sweet tissue, as can be peiceiva'’d hy chewing it, and an insect 
can only got the sweet ]Liice by sci aping the iiisnle oi the spin 
The striictnie oi the iniiei pints oi the flowei is latber 
complex, blit the essential pomts foi oiu piuposo aie easily 
made ont Do yon see, above the mouth oi the spm, a pio- 
]eclmg mass consisting oi two club-like stinctuies, side b^^ 
side, aiclied ovei by the two small petals and one oi the 
sepals, and below these stiuctures a lounded knob By 
slicing the iloi l-oi.il M-lm i1l\ , so that the slice passes down 
tliiougli the 111 id- lit ..l Mil mass and the middle of the 
la])elliim, and by caieful ni'^peclion, yon will iiiid lliat each 
of the club-shaped siiuctnios is a pocket, Avhicli ojiens by a 
veitical slit ancl contains a gieonish club-like body ivitli a 
slender stalk, and that the stalks of these two bodies aie 
]onied below to a sticky disc losting on the lounded knnlj 
below The gieen clubs aic callecl and tlie two 

together lepieseut an a,iilhej, in each of A\'‘hose lobes the 
pollen-giaiufe aie massed iogotliei into packets ]omcd by 
blanching elastic tliieads 

The stanien and the style have giown up togethoi, so that 
the stamen stands above the kiiob-like stigma The louuded 
sticky disc (glanchila) at the base oi the pollima lies in a 
small cup-like stiuctiue, ]ust aboi^e the stigma This cup 
ostelhnn) splits leadily on the slightest touch — peihaps 
spontaneously — so as to expose the disc A bee visiting the 
fl-owei pushes its head against the disc as it pokes its tongue 
into the spill, and when it leaves tlie Itoivoi it caiiies olf the 
pollima planted on its head b}'’ means of the sticky disc 
Then the disc contiacts m such a way as to bimg the pollima 
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dowiiWciid'5 and pointing forwaidb, and the thick end of a 
poliiniiim touches the stigma of the next flowei Ausited (Fig 
115 n, c), and the sticky stigma diags off some of the packets 
of pollen 

The pollinia leiuam fixed on the bee’s head, as the sticky 
disc soon haidens, so that a single polhnium may be earned 
about and pollinate seveial flo\^els beluie all the pollen is 
palled oft by the stigmas One often sees a bee, wliicli has 
been visiting Oicliids, caiiMiig a dozen pollmia stuck on 
its head, base of tongue, and thuiax 



I ly UO — Pciiliti ituni ut Oii-Uul by i Dtu 

At C lIil iiolhuii IjliiL toiwaul iiul will Loui-li Lhii '^Liyni i ol lliy novt Iluwui 


Poke a pointed pencil into the spin of the labellum (to 
imitate the action of a bee tin Listing in its tongue to sciape 
the honeyed walls of the spin) ISToticc the two club-shaped 
masses of pollen which <iie withdiawn liuiu then pockets and 
lemain attached to the pencil by the sticky mass at the base 
of then stalks What change ni position do the pollmia 
imdeigo attei being leiiioveLl, and how does this lieljj m 
Lunging about cioss-pollmation 

Wheie IS the ovaiy ^ Exainnie the appaient stalk of the 
dowel, opening it up with a pin oi the point of a kniie 
Note the thiee ovule-beaiing stiips (placentas) on the innei 
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Wcill of fhe one-cluiTubeied ovaiy Tlie leal blalk, at tlie base 
of tlie ovai 3 ", is 'vei^r bboit, tlie loug lufeiioi ovaiy makes a 
loui> flowei-btalk uuuecesbaiy, as it publies out tlieflowei and 
e\pobeb it to Msitinc* lUbects A cniious point is that the 
oviileb aie not foimed until aftei pollination has taken place 
Compaie young and matin e iiuweis to see the twisting of the 
o^aly, which bungs the labelluin to the fioiit 

Tiace the shoot down, below the infloiescence and the 
loaves, to the basal sv\^elhug, which is a loot-tiilier Cut the 
lubei aciobb and test the cut siuface foi staich Besides 
the tubei in which the piesent year’s shoot ends, notice the 



FjI" Hu — Oiulii-^ A, 111*30 of i Flint (dun up m *3uniinoi), "itli old (1) <antl iicm (1) 

TiiljLi'3, 11, Soctinn ot i du\ oliipiuy liibci 


bioyni and shiunken tuber foinied last year, and tlio new 
tuber being founed foi next yeai To see thebC tubei s of 
diffeient ages and to tiace then litediistoiy }ou must of 
LOUise examine plants at dift’eient tunes of yeai 

Each yeai one loot (sometimes two), instead of gioyung 
out like the othei loots, becomes swollen up and packed with 
food (made by the gieen leaves and tianspoited downwaidb 
thiough the stem) , this loot is foimed at the base of a bud, 
fiom which next yeai’s leaf- and flower-beaiing shoot will 
develop (Eig 116) When the shoot dies, the loot-tubei, 
with the bud above it, lemains in the soil dm mg wintei, and 
the eaily giowth of tlie shoot takes place at the expense of 
the foocl stoied in the tubei, while oidinaiy loots giow out 
to absoib watei and salts fioin the soil 
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The fiLiit, a capsule, opens by thiee longitudmal slits , the 
seedb aie veiy small (easily clisj^eiseLl by wmd), tlie eiiibi 3 '’o 
is minute and only slightly develoj)ed m the ii^^e seed 


313 l^uiu bpecics of O^cltit,, beside 0 matituhtj aie faiilv common 

in Uiilcini Spotted Oi’clus [0 matidata) iL'^embles tlie Eaily 
Puiplein liaMiig spotted lca\es and in the gcneial stLUotiue of the 
floweij but the Uiboia aic lobed (Fig 117), the spike of Ill'll (May- 
Jul^) IS sIioLtoi and densei, the ilo^vels palei ])ii[plc, the labLlluni 
biuadei and ita middle lube naiiuw and nut lobed, and the spin is 
fehoitei Ilian the ovaiy Marsh 
Orchis (0 laiifolia) also lias lobed 
tubcis and spotted IcaA^es, dense 
spike, and glows in moist pkices, 
but the Ills aie laigci and moio 
deepb^ pin pie, and the labelhim 
toothed lalhei tlian lobed Q-reen- 
winged Orchis {0 moi lo) has 
latliei small unspotted IcaMS, a 
globuhii tubei, • ^ • 

and ai clung o’ 

nppei petals so as lo loini a hood 
01 helmet , not so common as the 
piccctling three species, and chiefly 
found in South I"" , ^ ^ Pyrn- 

midal Orchis ' 

IS easily knoun by its p^iamidal 
spike ol small losy flis , M^iieh have a long slendei sxnii , tubcis 
globiilai, leaves naiiow and long 

314 The Orchid Family (Orchidaceae) contains over 
4U0 geneia, with 5000 species Oicliids aie most abundant 
m the tiopics, and most of the tiopical species aie epipliytos, 
■while the tempoiate species aie mostly oidinaiy land-plants, 
and till aie peiennial heibs It would be impossible heie to 
desciibe the wondeifiil adaptations shown by tiox^ical Oichids, 
both in then vegetative oi gaiis and then floweifc> The student 
should lead Dai win V j book on the Fej Itlibcdion of 0)tludb, 
and if possible visit liot-liouses containing these plants, e y the 
Oicliid House at Kew. 

Some Biitish Wild Oichids gio\v by means of a i Income, but in 
most species tiibci's aie de\ eloped, as in tlie Eaily Piiiple, tlic bud foi 
next 3'eai ' 3 giowtli being funned at the ba'^e of the stem and giving 
use to a thick tubcious loot Some of the Biitish geiieia aic laio 
and local m occuiieiioc, especially those found in the Soufliot England 
and on chalk 



Pig 11/' — Palmate Tubei of an Oichid 
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315, Wheat (Ti iticum vuJgtae) — The oiigm ol the culti- 
vated \aiieties ul Wheat ib veiy uuueitaiii, as iii the case of 
the Bioad Bean and othei plants vdiicli have long Leen in 
cultiVLition The clubebt lelative ot Wheat among Biitibh 
Giabses lb Coucli-giabb, but Wheat ib annual while Ooiioh- 
gidbb (like the gieat majoiity of Glasses) ispeiennial 

We have alieady studied the geinimation of the Wheat 
giain (Alt 80) In a young plant showing foiu ui live 
leaves note the ainingenieiit ot the leaves in two opposite 
lows, eaeli leaf aiising fioiu a slight tliickeniug (“node”) on 
the btem Note the iiaiiow gieeii Icat-blade, beaiing gieeii 
iidges, sepal ated by white gioovejs, on its uppei suilace, in 
the eaily leaves theie aie about a dozen ot these iidges 
Note that the blade has no stalk, but passes into cb shctith 
coveied 'With soil liaiis on the outside but smooth within , 
the sheath clasps the stem, but is split down on the side 
opposite the blade Note the stem- clasping oulgiowth, 
01 upwaid continuation, of the sheath at the base oi the 
blade , this outgiowth, heie long and eithei lounded oi 
toothed on its inaigin, is called the lu/nle 

Tiaoe the leal-sheath downwaids to its iiiseition on tlie 
stem, noting the fLim Ihickened basal piiit ol tlie sheath, 
which pi oduces the swelling at the “node,” ainl the soltiiess 
of the stem in this i eg ion Bxaiinue plants at diiteieut 
stages of giowth In seedlings with only loiiu oi live 
spiead-out leaves, on caief Lilly pulling down each leaf-sheath, 
also on shcmg the whole slioot longitudiually, you will notice 
(1) a Inid ill the axil of each leaf, (2) a small swelling at the 
tip ot the stem Latei on, note that the buds have giowii 
out ot the leat-slioatlis and given use to bitbiiches, which 
may lepeat the piocess Bv this blanching oi “tilleiing” 
as maii}^ as fitty shoots nia}^ be jnodiiced fioiu the basal pait 
of a single AVlieat plant The swelling iit the end of the 
stem will now show two opposite lows of piojeclions— the 
young spikelets oi “eais” 

111 the oidinai}" kind of Wheat floweiing occurs in Juno 
At the beginning of May the “nodes” aie still close to- 
gethei, so that altlioiigh the leaf -blades aie long and well 
(level ox^cd the sheaths oveilaj) each othei But now the 
“ iiitei nodes ” of the stem begin to lengthen, s^iacing out the 
leaves and caiiyiiig the shoot upwaids Tins elongation, 
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which 3^ most uicuhecl in the iipx^ei “ mtemoJes,” ib laigelj 
due to the active giowth of the soft x^a-its of stem ]ii&t above 
each node — the paits 
enclosed in the leaf- 
sheaths — tllOllgli 
elongation also occius 
in all paitb of each 
“ 111 tei node ” Since 

the stem glows in 
width as well as in 
length, the innei tis- 
sue IS toin and the 
sieiii becomes hollow, 
except at each node, 

■\\lieie a solid paiti- 
tiuii leinams The 
giowth in length is 
gieatest in the uppei- 
inost “ mteinocte ” 

(above the highest 
leaf), which caiiies up the infloiesceuce oi “ spike ” 

About the beginning oi June the sheath ot the highest 
leaf swells up, owing to the giowth 
of the ‘‘ spike ” which it encloses, and 
in about a foitnight the floAveis aie 
niatuie and the spike emerges fioni 
1 he sheath The ‘ ‘ eai s ” ai e ai i aiiged 
in tAvo opposite lows , eacli eai is flat 
and is attached to the axis ot the 
spike by its side, so that the whole 
spike IS foui -sided (the flat eais of 
Eye aie attached by then edijus, hence 
the E} e spike is flattened) 

Examine a single eai and, hegm- 
ning at the base, note the two loAvest 
scales, neaily opposite each othei, 
haid, dry , these outer glumes 
enclose fioin tliiee to fiA^e floweis 
(usually thiee) aiianged alternately 
on opposite sides of the eai (Fig 118) In each flowei 
(Fig 119) note the tAvo enclosing scales — an outei scale 



Tig U't — of A\li«.itcn 
closal HI Its I Wo Sc vly Biatts 
01 Gliiiiios 




300 


MONOCOTYLEDONS 


(flowt'i uKj (jliivie) winch is smiiltiv to the outei glumes hut 
sometimes beais a hustle {ciwii) at its tip, ami au muei 
scale ( palea) which is thiunei Within the palea come the 
tluee stamens and the pistil The stamens when iipe have 
long filaments, the filament Lemg attached to the middle of 
the anthei , the pistil consists of a lounded ovaiy heaung 
tAvo stigmas Note the two A^eiy small Avliite scales, each 
with a fiiuged Ui:)per maigm , these aie called lodicules. 

Wheat, like other Glasses, shows sereial adaptations to 
wind-pollination, though (like most othei cultivated ceieals) 
it IS hugely self-pollmated The spike is earned Avell up 
into the ail , the pollen-giams aie small and diy , the iipe 
autheis aie pushed out of the floAvei hy the elongation of the 
filaments and dangle about fieely owing to then ‘‘Aoisatile” 
(easily turned oi swung) mseition on the end of the fila- 
ment, the haiiy styles expose a laige suiface to catch pollen- 
giams 

Befoie floweimg occuis plenty of food has been mauu- 
factuied by the gieen leaves and stoied up lu all paits 
of the plant — leaA'-es, stem, loots The oiioimous extent of 
the loot-systeiu of a single Wheat plant makes it easy to 
understand what a huge amount of food can be stoied lu 
them, to be diawn upon foi tliematmmg of the giains Tlie 
loots peuetiate deeply into the soil, and since Otich of the 
“tilleis” — blanches aiising fiom the base of the shoot- 
pi educes scoies of loots (especially fiom the lowei “ nodes ”) 
the aggiegate length of the loots of a single Wheat plant 
runs to himdieds of yaids 

When the Wheat is m full bloom the active life of the 
plant as a manufactuiei of food has leached its climax It 
has attained its full size, all its lea\es aie spioad out m the 
an, the lOots have gamed then gieaiest dimensions ni the 
soil, and the biuldmg up of uew tissues has ceased. The 
actiAuty of the plant is now diiected to utilising the suiplus 
food (stoied in leaves, stem, and loots) m the pioduction ol 
the seed 

This Avill be more appaieut if Ave considei the actinil 
inciease in weight of the diy matter of the jilaiit, excluding 
the roots, at Ihiee stages m its life — the end of Maicli, 
the end of June, and at haivest Of the diy mattei 
of the iipe plant 20 pei cent was pieseiit by the end of 
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Marcli, -wlien some £0111 leaves -were visible , 45 per cent -was 
added by the time it was in full flowei at the end of June , 
and the leinaming 35 pei cent befoie liaivest This 35 pei 
cent is not, howevei, an addition to the weight of the plant 
by the pioduction of new food, the gi eater pait of it had 
already been piepaied and had been sent down into the loots 
to be in stole tlieie iintd it was needed When the flowei mg 
IS finished the food is tiansfeiied fiom the iindeigiound 
paith of the plant to be dually stoied in the tseed, and neces- 
saiily inci eases the weight of diy matter in the plant above 
giomid 

The stein or “stiaw” of the Wheat plant is haidened by 
the fibious tissue suiioundmg the bundles, which foim a 
hollow cyliiidci, and additional sUengbli is gained by the 
piesence of flinty mattei (sihca) 111 the epideiini'^ The stem 
has alteiiiate gieeii and white lines, like the leaf, the gieen 
liiios beaiing stoinates 

It IS iiiteiestmg to compaie the stieiigtli of the “ stiaw,” 
which has to beai the weight of the heavy iipe spike, with 
that of othei niateiials Cut off iipe spikes and attach them 
(tie with thiead, 01 stick with sealing-wax) to wiies of steel, 
non, coppei, of about the same length and weight as the 
Wheat-stalk The latter is a due example of stiength com- 
bined with lightness and economy of mateiial The ‘^nodes’’ 
— moiG stiictly, the swollen bases of the leaf-sheaths — aie of 
gicat impoitauce The actual node £01 ms a solid paitition 
acioss the olhoiwise hollow stem and thus gives it gieatei 
ngidity, the swolleu base of the leaf-sheath, ]ust aliove the 
“node” itself, lemains capable of giowth, and, in the lowei 
paits of the plant especially, if the stem is laid hoiizontally 
{G(f by wind), the lowei side of the “node” glows lapidl}’^ 
and thus bungs the shoot into the veitical position again, 
the lowei “ nodes ” also give out loots 

Evainiiie young oais and study the stages in the iipenmg 
of the i'luit, the stigmas and stamens fall oK aftei feitilisa- 
tioii, and the ovaiy glows into the giann 

316 Oat {Amna ^cdiva) is piobably deiived by cultiva- 
tion fioiii the Wild Oat-giass fatna) It can be culti- 
vated above the limits otlieight and of latitude at winch the 
cultivation of Wheat slops In this coiiutiy WTieat ceases 
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to l3e a iGgular crop if the lainfall exceed', about 33 inches 
a jeai, and if the average duly tempeiatuie i& below about 
13° C On upland faiins the chief ceieal ciop is Oat, which 
IS cultivated m Euiope to latitude 69° N 

The eais of Oat aie not ai ranged m a close spike as in 
Wheat, but m a loosely In anch mg system (“ j)a,nicle ”), m 
■which the main axis give^ oft blanches, which may a^ain 
blanch, each bianch ending m an eai, which hangs do^wn- 
waids 

Examine an eai and compare its stiuctuie with that of 
Wheat ISTote the two laige boat-hke ontei glumes, enclosing 
(usually) tlnee pan s of smallei scales (each pan = a flowei mg^ 
glume and a palea, as in Wheat), but usually only the two 
lowei pans contain a flower, the small nppennost pan enclos- 



Pig no — SiiilcoJot Did FIowli of tho 0 it 
(fa tlia iJadit hand figuic tlio flow cut g gluino li is hLon ioiiui\tJd ) 


ing meiely the baiien end of the axis of the eai Each 
flovvei mg -glume beais on its oiitei side, just below the tip, a 
long bustle called the awn, which is shaiply bent at its 
middle The flowei itself leseaibles that of Wheat, con- 
sisting of two lodiciiles, thiee stamens, and an ovaiy with 
two featheiy stigmas (Fig 120) 

Oat ditfeis fioin Wheat m having a shoit toothed ligule to 
the leaf, a smoother and less liaiiy leaf-sheath, m having 



;m: ON 0 G OT Y L ED ON S 


303 


awed floweruig-glumes/ and m liaviiig tlie floweiing-glume 
and tlie palea 3oiiied to the iipe giam, foimmg the ‘‘husk” 
which has to be lemoved by gi Hiding , in addition to the 
dijSeieiiceb alieady noted in the inflorescence 


317. The Grass Family (Gtanimaceae) is excelled in 
niimbei of species by the Oichid, Bean, and Composite 
families , the known species in these four families number 
4,000, e5,000, 7,000, and 11,000 lespectiyely Its success in 
the stiiiggle foi existence, howovei, is shown by the fact that 
Grasses vastly exceed all othei families as regards the number 
o£ individuals, and ni their woild-wide distiibiitioii. 

Glasses aie mostly lieibaoeoiis plants, though a few tiopical types 
aie wood 3 ’' and tree -like (e 7 Bamboos), hut even the lattei sliow no 
second' t ^ - stem They aie easily distinguished from 

othei , Sedges and some Rushes — ^by their two- 

lowed lea\ 6 s and circulai 01 flat (in cioss-scction) stems, the leaves 
voiy laicl}^ (Bamboos) liaAe stalks, Lind the stems aie laicty solid 
(Mai/e, etc ) and laiel}^ bianch in the iippci paits Most Glasses aio 
peiennial, though sevcial (besides Wheat and Oat) are annual — e rj 
ISea and Wall Bailey, Baincl, Poa annjra Annuals aie easilj*- iccog- 
nised as such b}’’ all the shoots beat ing infloi escences Pei ennial Gi asses 
glow b}’- means of buds which aiise horn the lovest nodes of tlie shoot, 
uitliin tlie leaf-sheaths 

The general habit of the plant de^Jends largely on the way in vhich 
these buds giow out (1) Tlie new shoots giow up inside tlic leat- 
sheaths and the plant then foims onlj^ tufts or tussocks — e 7 Sheep’s 
Fescue, Cock’s-foot, Timothy, Dog’s-tail, (2) the shoots gtow up in 
the filiealhs, but some 01 all ot them latei gio\v along the soil as 
innneis , ( 1 ) the buds bieak tluough the leaf shecatlis and cithei loim 
lunneis {above (pound) 01 ciccping uiidcKp ound stems (“stolons”) 
Some Grasses vaiy in habit, toi instance, the common Bent-giass 
{A(noi>ti':> alba) is tufted when glowing on diy heaths, but has lunneis 
01 stolons when in iich moist sod, while tlieie aic se\eLal vaiieties 
ot yhcep’b Fescue with stolons Othei examples ol tutted (tussock- 
forming) Glasses aie Hair giass [Ana], Mat-giass (aVftitdrs), Biomes, 
R^^e-giasses V’orkshiie Fog and Marsh l''o\tail are oxaniples ot 
Grasses with lunncis Common and easilj^ lecognised stolon-toiming 
Glasses are Couch grass, Ljniie-grass, and Manam-giass [P^aiama) 

In most Grasses the Icat sheath is split down the side opposite the 
blade and i oiled lound the stem so that one edge ovmlaps the othei, 
but in a tew eases the sheath is entne — e 7 the Watei -glass {GlyLCi la) 
In Yoikshiie Fog the pionnnent keel of the blade tuns down as a 

‘ Some varieties of Wheat (“beaidod” vaiieties) have an awn, 
especially in di}^ climates 
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iidgc on Lho sheath ; in some Fe'scucs, Rye-giasses, and Yoiksliue Tog 
the sheatli is red Most Glasses ha\e a memhianons ligule, as m 
Wheat and Oat, but sometimes it is icpicsented only by haiis— e g 
Puiple Bent [M^ohma), oi may be \ery small oi absent — eg most 
Fescues The leat-blade is flat, thin, and soft in most Grasses , it has 
laige ail chambeis in the floating Watei gia-^s [GluLfua) , it is di}’’ 
and haish, with a spiny tip in Wall Bailey, fiim, haid, and leatheiy 
in coasfc-giasses [NaidiL^, Fescues, Hau glasses in whicli the leat is 
naiiow, biistle-like, and peimanently i oiled up) 

The maigin is even in most Glasses, but lough wntli minute tcelh in 
hlillet glass, Oat-giass, Timothy, (,)imke-giass, etc The up pci siuface 
iisnallj has iidges, one ovei each ^ein , the iidges sometimes boai 
small teeth, giving the leaf a louoh feel The siuface is, ho^vo^er, 
usually smooth, though in se^elaI Grasses it is liaiiy, the haus often 
being tomicl cluefly on the iidges , some common haiiy-ka\cd Gi asscs 
aic Yoiksliiie Fog, Bionics [Bioniii'^ nioUi» and B ), Oat grasses, 
and Sweet Vcinal Glass 

The lolling and folding of many Glass leaves aie due to the pioseiice 
of special epidermis cells ( ‘motoi cells’ ) on the upper aule of tlie leaf 
These cells on losing wmtoi (when the an is diy and the ti nispnation 
cuiicnt IS flagging) contract and diaw togctliei the adjacent paits of 
the leaf In the simplest cases tlieie aie two lows ol motoi -cells, 
one on eithei side of the midiib [e (j oi a single bind extending 

ovei the midub (e <j Cock’s foot), so that the leit is meicl}'' folded 
(becoming V shaped in cioss-section) b} then conti action In most 
cases, howevei, theie is a low oi these cells at the bottom of each 
gioove, between the iidges, so that the leat can be lolled np to ioim a 
tube when the an is diy oi hot , this lolling-up is easily ohsoived in 
Meadow Fcbcue oi in Tutted Haii-giass, the leat Killing up when 
allow^ed to diy, and uni oiling again wflien set in watei The common 
coast glasses (Bjune glass) and Psamma (Mauam)' also show 

the lolling and uin oiling \ ci y plainly In Sheep’s Fescue, Wa\ v Haii- 
giasb, and some oth- i i-i'' -i _> i - , t],. niotoi -cells aie not 

w'-ell de\ eloped and the leat v | < ■ in m mi i i !i I np 

The flow Cl b ot G 1 asses ai e i . i 1 1 ■ . - . 1 ■ i . | .< i i ■ f Wo have all eady 
examined the spikelelb 01 ‘‘eais ol \\ heat and uab, with which othei 
gias« spikelcts agiee in gcneial stiiictnie, eacli spikclot consisting ol an 
axis beanng two opposite low's ot bcalcb wliicli \ in in size, sliape, and 
textuie, and some of wflncli enclose floweis Since the composition ot 
tlie spikelct and the loim oi the infloiescence afluid a good method ioi 
distinginalnng the Grasses, we sliall note some of tlie clnet points Iieio, 
ioi compaii&un wnth Wheat and Oat, and then give the charactois ot 
the commonci Biitish Glasses 

In some cases I !-• pil-lt ntui- « u-.h flowei (Piamma, 

2 Idium, Ahpccu ^ , J-mI 1 oai^s), oi a single'^ poiieet 

flow Cl with one oi moie male floweis (Sw'cet Vci nal Glass, JIolcus^ 
False Oat) In Xcudu^ and Lohiun the spihelet lias 01113. outci 

^ See piepaiation of P'->riinma {Ammoplnfa) leif in Plant Biology 
Collcrhon 0/ lUio oscopio Slides, 
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gUiiiie instead of Uvu, in »S\reel Venial Glass tJicio aie loin 

d’lie outei glimios aie laiely aw ned {JS^cDflns, Phleum, Coucli giasb) , 
Hi Bailc}'" they aie iiaiiow, pointed, and stilf, but in most Glasses they 
aio bo.it-hke The flow ei mg glume and the palca aie ohen awmed, 
csjicLially the iuimei (Oat glass, Eiilse Oat, Bailey, Biuines, Daniel, 
etc ) , tile palca ic usually smallei and moic delicate than the floweimg- 
glunie, and it usually has twm sido-\eins but no inidiib ° 

The awn earned by the flow ei mg glume (oi by the einpfc} glumes, 
01 by all the glumes) glows lioiu the maliib and may be teimmal oi 
mscitcd oil the bach ut the glume Awns act as c ' inst 

buds and hiowsmg uimials m some cases they ■ by 

wmid ui b} animals Besides these uscs the awn has a icin, gieeii 
tissue, and stoniatcs, oO that it can assimilate and tiaiispue, and it 
doubtless helps in the nutiiLioii ut tlie developing giain The awn 
piohably coiicspuiids to the i educed leaf hladc, the basil pait ut the 
glume to the leaf- sheath, and the fieo poitioii beyond the awm Lo the 
ligule ot a leat The two Icxlicules (absent m vSw^eeb Vcinal Giass, 
Foxtail, etc ) ot most Giissls (tluec oi c\en inoic olcui m 
some foieign Glasses, c 7 Bamboo) aie piobably lueie e\Lui scales, 
no/ icpiLsentiiig a xienaiilli 

In all Biitisli CBiisses theic .iic tluec stauicns (except Sweet Vcinal 
GiaS'., wliuli has two), and the ])isLil li.is two UatliLiy sidles, nght 
and kit (except Xunlus^ wdiicli has .1 single slyk} In some toicigii 
Glasses tlieie is only 0110 stamen, 111 uLheis si\, while some lia\G as 
many as toit}^, while tlieic may be Ihieo styles (sumo Bamboos) ui <i 
single long style {(' 7 JMiu/e) Hence tlie typic.il Glass flowc^i consists 
smix^ly ot two stigmas and a single caix>cl, with no peiiaiiLli The 
“styles” do coLicspond to twm cat pels 111 tins family Tlie ludi- 
ciiles, when xnesent, aic said to swmll uxi and x>Hsh apiiL the scales 
enclosing the flow^ci, so that the stamens and stales may moic easily 
pi eject horn liebwmeii them 

In most Glasses the x^ollen is shed bctoie the stigmas aie icad\ to 
icccnc pollen, but in some (basses — r 7 Sw^eet Vcinal GiUnS, FoxUiil 
— the opposite is the case, i t the llowci is pLutog^nous In bume 
luieign ({lajsos the lloweis <ue unisexiuil — t tj J\lai/e, wlieie the 
teatliei like male inlloiescciices occupy the toj) ut the xflant, wliile the 
leinale ones ('‘ cubs”) aio iieai the base 
III most case-) tbeie is a chance of cioss pollmalioii, hut most ccieals 
aio hugely bell-pollinated, m H^c the " i_ / and palea do 
not sexiaiatc at all, lienee the flowed s ai ' j.' 1 1 Grasses aie 

\ ’ (what aio tlioir adaxitations fot wmd-pullmatioii 0, 

1 nveet Vcinal Glass, are licquently visited by flies 

In most Biitish Glasses the giam lemams wiilim the floweimg- 
glume and x^lea, as m Oit, and becomes detached along with these 
and the pait of the axis ot the spikclet xvhicli beais them Theic aie 
se\ cial adaxitations toi disxicisal of Llic guiiiis by wind ui h^ animals 
111 IIaii-gias«. (Jiift) Lheie aic silky bans below^ the llow^Giing-gliinie, 
and in many cases the glumes ev^iand and act as wings , sonic Glasses 
have small light grains, easily earned by llio wind The awns, 
esiiecially when bent, catch on to animals, a tamiliai Ovample is seen 

20 
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in Ijibiiey, the dw a ui wlucli twists and untwists wlien oiio hieatlies ua 
It, .ind the ^laia to oieep up one's ',lee\e The awns ut some 

t(iici!4n (4Lassesha\u aiiaagLineiits toi bcLoiuin^ atluoliLd to tinnnalb, 
lui liiuviag tlie ^uua la tht. buil, and la some eases foi w'liid dispeisal 
as Avell (e g 


QUltWTlUNS ON CHAPTKK Nil 


I DehLiibe, with sLetehes, the sLiiietiue ot a lestniy Cioeiis eoiiii 

‘J (live a oleai aieuuiit, fiuMMuiu own ol)sei\atioiis, ot the e\eiibs 
wliuli (jicui hum tlic time a icbtiiiy Cioeiis conn is ])laeed in moist 
sod ui suvdurtt, up to the time wlien tlie leaves die dowm Iiielude 
the i h.inges that ueeiu Ijcluw^ as well as above the soil, and give a 
seues ot wketuhes 

ld)L liow iiiaiiy days does a Oioeiis lluwei last, fiuiii the time 
w lien it liiKt opens 

'1 Denmibe nbsei \ atums and cxpeiiiiients you have made on the 
opening and elusing ot the CJiueus (Iow^ll 

n WduU, olhoL llow'eis with wdiieh oil aio familial open and close 
like tlie CJiueus llowei '' 

() Diaw a llonil duigiam ol any llowei belonging to Ihc Oidei 
Iinl.u'isu, and deseiilie I idly ils ixjllm.ition Name the ehict points ot 
dilleieiiee in the stiuetiue ot such a Ihjwei and a tulip Huwci 

7 Disiiilie the htiiuliue of the llowei ot Blucbellj and compaie it 
with that ot ii Chiideii ir^meiiith 

S What othti' lluw^eis besides those oi; Bluebell dioop when the}' 
o[)iii'’ Mow iH the diooping caused'^ Can } uu e\[)lain why so many 
Hpiiiig llowei H eiUioi dioop ol have the puwei to open .uid close’ 
(Jive a Imt ol Hjning (loweis which dioop and oi those which peitoim 
ojiening and closing ino\emeuts 

Desdibi, fiom yoin own ohseivatioiis and dishcetions, the stiuo- 
tiiie ot a (Jaideii If^aeinth bulb Sketch, on a huge scale (about 
twice the natimil si/e), a longitudinal section made thiuiigh the eciitie 
ot a bulb, luaiking all tlie pints fahosvn 

10 DcHoube and explain the stiuotuie of a NaieissuR bulb, with the 
Hinallei 1 >u11)h attached to it How is it that some scales go loiiiid the 
whole set of bulbs ’ 

11 Desciibe oaref Lilly all you saw when glowing a Hyacinth bulb 
111 soil, sawdust, Ol water, and explain the things you saw. Give 
sketches 
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12 Desciibe the whole ot an Eaily Piiiple Oicliul plant as seen 
when ui tlowei m eaily siinimei, omibUng the fioweis themselves 

H DesoLilje, fLom yoiu own oljsei vations, the giow^bh of an Eaily 
Pmi>lc Oicliid 1 10111 the time when lU ka\eb hist come above gioiind 
until tliey die dowm When did you hist see the leaves, and when do 
they die dow n ^ 

14 Desctibe, with shetches horn actual specimens evamined, the 
dower of the Eaily Oichid, and cvplani its adaptations foi pollinabiun 
Desciibc expciinietibs you lia\e made with the tioweis 

lo Cunipaie the follow mg plants with legaul to the natiiie ut then 
leseive iood and that of the food-stoiing oigans — Ctocus, Bluebell, 
Gulden Hyacinth, White Lil^, Oioliid, Onion 

IG Desciibe the stiuctuie ut a Wheat gi am, as seen with a lens 
Give sketches 

17 Dcsciibc the giowth ut a Wheat seedling up to the tiiiio wdicn 
tout oi hvo loliage-lea\C'^ aie visible What ^11111011110 can usually be 
tound at this stage, on opening up the shout ' 

15 DesCiibc the shoot iiiid loot-s^ stems ol a giuwing AN'^lieat plant, 
about the end ot Ma^, omitting the llowci'i What is iiioanb by 
'■* tilleis ” ^ Give sketches 

19 Desciibe caiufully the sti ucLulc of a “ node ” ol the ^V''lleat plant 
How do the nodes dilTei tiom the ic&t ol the shoot, and wdiat is the 
nnportanco ol this dilleieiico’ 

20 Desciibe the spike ot Wheat, and give a cai'cful account, wntli 
sketches, ol the stiuctiuo of a single eai ” (spikelcb”) 

21 Dcsciibe a few' of the Avccds lound giownug in a coiiilield (1) when 
the Wheat is young, (2) when it has leached its full height How aie 
these weeds adapted to then mode ot iite ' 

*22 DobCiilie the sbiuctine ot the flowei and the mode ot iiolliiiatiou 
ot any coninion wild Giass you have examined Give sketches 

23 jSliow by means of lloial diagiaiiis how tlio fiowois of 0}chid, 
and Wheat (oi oLhei glass) may be cuiisideied to have been deiivcd 
tiom such a llow'-ei aa that ot a Lily How do you. account lot the 
sti living diiroiences ot stiucUuo between the llow^cis ot and 

Wheat’ 

21 To what Oideis do the Hyacinth, the ynuw^diop, and the Crocus 
belong’ Give 111 tabulai toim the distinguishing chaiacteis of these 
Oideis, showing the lescinblances and diHeicnces botw^een them 
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318. The Beiitliani-Hooker System — The chib'll liciitiou 
ol: the Lowei Dicetyledoub clitCeib coiibideiahl} in dilteieiit 
sysiems which lidve heen piopused The Hii^hei Dicotyledons 
(Graniopetalae) foini a inoie bliaiply defined seiieb, and then 
classification vanes in detail only in diffeient schemes 

In the Bentliain-Hookei System the Lowei Dicotyledons 
aie divided into (1) “ Inconipletae,” m which the Howeis 
have a simple and usually sepaloid peiianth, oi none, and 
aie ottcii unisexual, and (2) “ Polypetalae,’* in which the 
peiiaiith lb double, the innei whoil beiu^ ])etiiluid and iiee 
(polvpetaloLis) But the “ Iiicompletae ” include many Oideis 
which aie eleaily lelated to LOifcain Oideis oi “ Polypelalae,” 
though boinetinicb it is difficult to say whethei the “ Incoin- 
pleta'e” aie piimitive (^i e on the upi^axide ot evolution) oi 
leduced {i e on the downyiade) 

The “ Polypetalae ” aie divided, in this sysLem, into thieo 
gioups (1) ThalamifLorae,” with stiictly hypoi>ynous 
lloweis, (2) Disciflorae,” hypot^ynous but with a “ disc” 
(loimmg a rin^^ oi cushion spiead over the base oi tlie calyx- 
tube, 01 fused with base of ovaiy, oi lepiesented by a senes 
of sepaiate glands) on which the stamens aie nisei ted, 
(3) “ Calyciflorae,” with pengynoiis oi epigynous lloweis 

319 The Engler-Prantl System, adopted m the gi cat ( lei man 
encyclopaedia Die iiatiolichcn Pilanzuijiunilicu, does avay with many 
of the detects and aitihcialitics ot the Bcnthani Hoohei and otliei 
systems The Gamopetalae lemain much the bamo, on the ^\h(Jle, but 
the ‘ Incompletae ’’ aie placed with the “PobpeLalae” in a single 
senes distinguished by having a i datively biinple xieiianth We sliall 
study 111 detail some typical Oideis, not adheiing iigidly, liowe\ci, to 
the secpience set out in the Eiigler Prantl scheme 
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320. Little Celandine {Raimncidm fica'i la) — This fami- 
lial xilant, easily lecogmsed hy its glostjj^ lieai fc-shaped leaves 
and its Liight-yellow stai-hke floweis, giows chiefly in moist 
places, whethei open oi shaded 

Dio tip entile plants and notice that theie is no tap-root 
and that some of the loots aie long, thin, and blanched, 
while otheis aie shoit, thiLk, swollen, and tmbianched Do 
the swollen loots contain lesei ve-food Huw do the two 
kinds of loots diftei in function Cut acioss a swollen loot 
and test with iodine solution is staich pieseiit^ Look for 
young shoots eaily in Debiuaiy, befoie the flowers have 
appealed, and note that above the swollen loots the yomig 
shoot has given off a numbei of oidmaiy lOots , the lattei 
seive foi absoibing water and salts, while the giowlh of the 
shoot takes place at the expeni^e of the food stoied in the 
thick (often club-shaped) i ont-tiihei 9 Note the laige mem- 
biaiious sheathing scales (how many which piotect the 
young shoot Tiy to find eailiei stages, with the young 
shoot still enclosed m its sheathing scales, bcfoie the leaves 
and the slendei loots have giown out, -when were the tiiheioiis 
loots foimed ^ 

Examine plants in diffeieiit stages of giowtli and at 
diffeient times of the yeai, keejimg some under obsoivation 
111 pots 01 boxes, and make out a^ much as possible of then 
life-histoiy How do the loot-tubeis change as the leases 
glow laigei and the floweis appeal Note that the leaves 
aie stalked, aiise fiom the stem in opposite pail's (as a rule), 
and that the base of the stalk is broad and slioathmg 

Examine the floAvors (Febiuaiy to May), each on a stal]’ 
aijsiiig in a leaf-a\il In most cases the flowei Las line 
gieen sepals, and usually eight 01 nine petah Each petal 
has a small scale-like nectaiy at the base of its ninei (uppei) 
sin face Avhy is ibis suiface biight A^ellow and shiny, Avhile 
the outei (lowei) suiface of each petal is dull and dark- 
col oui eel ^ 

What difCoieiiCG is obseiATd if you A^isit the floAvcis 011 
fine simnv da\s and on dull 01 wet da as ^ What advantages 
does the flowei gam by closing in bad Aveaihei (wet, cohl, 01 
oveicast) In Avhat kind of Aveatlici nie most insects seen 
on the wing, visiling iloAVCis ^ Note the miineioiis stamens, 
Avliicli iipen successively towauls the ceiitie of the tl(»wei, 
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i? huJboaus fluweis oluefl}" in eail 3 sumniei (May July) , 7? 
fioiu ISIaj'- to iSeptomljei , 7? cun^ fiom xVpiil to Novembei (all tliQ 
3 ^eai round in sliGlteied places) 

The thioe coinmonQst species of Butteiciip agiee in man}'- lespects— 
t.r/ in having e sepals and h\ e petals, etc — hut aie distingmslied hj' 
llie following, amongst otliei, chaiacteis — 


BiilbuU'M RiittuiLiip 
{Jinn uiK II ha 
hiitlio'na) 


Uroiulow But tell u]> f. , , T>. , 

ttf / «s) , I ( < I / I il 1 I II 


iStoin 


•Swollen at base, 
loi stoiage (j 1 
loud 


Not swollen 
at base , no 
1 iinncis 


Gives off iinincis, 
winch loot at 
nodes, piodiicing 
new plants 


Mow Cl stalk Fiiitow'cd 


No t f m 1 o w ed F in i ow ed 


iSoiials 


Ucflexccl, / r bent Spieadnig 
clow nw ards 


8 pleading 


Tlic Celery -leaved Biitteicup {B ^alniahi^) is a inoie decidedly 

I i"i. 1 . iii_ I 1 liiD tlian the other JJutteieiips (given abo\o), giow"- 

I", ■ I" II "I III- i-« and it la annual It diffeis liom the three com 
moncst spocics in having no scale on the ncctaiy at the base of the 
petals, and its aUencs aie laiscd on an oblong lecejilacle (owing to 
giowdh of the lattci atlci Icitdisation) The floweis aie small 
(5 mm ), with pale yellow petaK, haidly longei than the sepals — 
w'-lnch aie loflectod as in B hnlho'.us Goldilocks (7? aui ttomii'.), 
in woods, Is like B cun'^ but is less liaii^" and not so tall, and lowci 
leaves have fewei, shallowTi, and hlnntci lobes, its lloweis (Maich- 
AlajO often have, instead ot the 5 noiinal jictaF, numcions impcifect 
ones jiassing giadnall^ into stamens, and theie is no scale ovei the 
nectai-pit 

Ofc the icmannng But tei cups, the commonest species is the Coin B 
{B a) a liouhlesome cornJield weed, wnth tall (1 to 2 tt ) stem, 

glowing with the com and iipennig its hints at hane&t time, the 
liowcis (Ma^-Julv) small (12 mm acioss) and pale yellow, nkencs few 
but huge, coveied wntli hooked spines, the sl^le also foiming a stout 
hook What aic the advantages to tlie Com Biittcimp ut (1) the 
miJn aaclial stem, (2) the hoolecl akenes Tin >^0 two species aie 
animals, B is laie in 8cotland and not found in Ii eland, 

wdiile B (t) is vci^ laie in Iieland 

The oidinaiy Biittcieiips aie sometimes called ‘ Ciowfoot^” fiom 
the shape ot the kaies in most species, but the two “Speaiwoits,” 
wdiich glow in maisliy places, aie easily distinguished h^ then long 
qnd naiiow lapeiing leaies, Like oidiimi^ Buttciciips the^^ ]ia\e 
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yellow floweis The Lesser Spear wort (7? flainmnla) is the moie 
\\idcly flistiibntecl in wet places, inaishes, bo^^s, etc , it i^^ laiel} o\ei 

1 foot high, Its lowei leaves aie stalked, and its floueis (Jiine-Aiig ) 
about 1 cm in dianietei The G-reater Spearwort [U linqiia) is 

2 to 3 leet high, its lea\es aie all sessile, and its fioweia (Jnly-Seiit ) 
about 4 ems in chametei , it is not noaily so common 


323 Water Crowfoot (Fig 122) — Tliider this name aie 
compiised vaiioiib foinib oi Biitteiciip oi Ciowfoot which 
live lu luaisliGb oi sti earns and have white flowei.s 


The Watei Ciowloots aie veiy vaiiable and the vaiieties 
aie connected hy intei mediate foinis, so that S 3 ^stematic 
botanists aie not agieed as to the mimbei of species that can 
be distmotTiblied 

(1) Those which giow m fast stieains have most oi all of 
then leaves submeige<l and divided into nnineioiis fine tlneads 
— the foim best adapted to lesist teaiiiig by the iimumg 
watei, besides incieasm<g the siutace foi absoiption of vatei 
with dissolved salts and gases 


(2) In those foims which giow in slow 
stieains, ditches, or ponds, tlieie aie 
usually floating leaves (on the suiface of 
the watei) as well as subuieiged leaves 
The foimei aic loiiuded oi lobed, not 
inucli divided, and beai stoniates on then 
iippci suiface The siibmeiged leaves 
aie finely cut, with iiumerourf segments 
s pleading in a ciicle 

(3) III foims which giow in shallow 
water, in niaislies ami muddy places, all 
01 most of the leaves aie of the 
enliio, lounded or lobed, “floating” 
lype 

We thus get every lia.nsition fioin 



plants with all oi most of the leaves sul)- 
merged and dissected, to plants with all 
tlie leaves bioad and eithei floating on 
the water oi laisod above it The iiitei- 


Fig 1 22 — r 11 tt»f a V iitei 
L'ii)\\lurit, sll(l^\ln‘f a 
lluiitiut iDit mil t\iu 
HiihtMoi yoil a l\ (.S 


mediate foims aie “ amphilnous ” , when the stieam oi pond 
dues up, they giow quite well in Ihc mud, heaimg only 
aeuiil leaveis and no finely divided ones On the ufhei hand, 
it flooded 01 1,1 aiisplanled into watei in an mpiaiium, the}’- 
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Will grow and pioduce only the divided suhmeiged leaves 
Expeiiinents of this kind should be made sow in damp soil 
the seedb of submerged forms, sow in w^atei those of mud- 
inhabiting foiins 

In all cases the floweis aie earned above the suiface of the 
watei , they lesenible the floweis of oidmaiy Butt ei cups m 
general stiuctme The flowei-buds are developed below the 
suiface, but do not open until they leach the an 
iSomo botam‘5t«! chstingiu‘3h neaily 20 Bntish species of Watei C!inw- 
foot, but tliej^ aie piobably all vaiietiesot one specie-^ (i? 

The commonest toim lias the lovei loa\cs submeiyecl and finely cut 
and tlie uppci 0110*^ floating Mith bioad lobc', Tlie commonest miid- 
inliabitmg form is often called I\3’■-lea^ed Cnj-ufoot {Ii hfch/ficf its) , it 
has no submeigcd leaAcs, its stems lOOt at neail}' e\eiv node, and the 
fils aie vei3r small, the petals being scaiccl} longei tlian the sepals, 
tv ^ ’ as distinct species — Ji h with 

3- ^ -veined petals, and i? 09 AVI th 

kidnej'-shaped leaves and longoi 5 veined petals 

Examine Watei Ciowfooth, sketching tlie leaves and flowers Com 
paiG the foims of the leaves in plants gi owing in fast sti earns, in 
ditches, in deep wsatei, in sfiallow'’ watei, in mud, etc Ti^” to account 
foi the diHeiences and to find out how thej'- aic connected w itli the 
dilleiont liabitats of tlie plants 

IMie Watei Ciow foots su\e admuably to illnstialc inanj’^ points in 
the biology" of ac[uatic plants (see chaptei 011 Kcolog} } 

324 Marsh Marigfold 01 Kingcup {Calflui palusf) ifi) — 
This plant, wdiich gi ows m low-lying meadow^s, mai shes, banks of 
sti earns, ponds, ditches, and otliei Avet places, has .1 tufted habit 
Tlie thick peiennial ihizome beais annual shoots, about a 
foot long, winch either giow eiect 01 creep and lOOt at 
mteivals Most of the leaves aiise from the base of the 
stem and aie long - stalked , the sheathing leaf-base has large 
membianous stipules wdiich enclose the ^oiuig buds The 
upper leaves, earned on the floweiiiig branches, aie smallei 
than the lowei (“ladical”) leaves and liaA^e veiy shoit stalks 
Cut acioss stems and leaf- stalks, noting then hollow siuic- 
tuie BIoav thiough a le^af, AVitli (1) the stalk, C2) the blade, 
dipping into watei , plunge a leaf into hot ivatei 

Note the laige floweis (often 2 niches in diametei), wulh 
golden-yelloAv floAvei -leaves (sepals),^ nunieious stamens, and 

^ Hoav do these appaient iicltah diflei from tlie poLals of CVlaiidine 
and BuUeicup’ Honey h pioduced at the bases of the caipeK , the 
floAvers aie at si ted b3'’ beetles, flies, bee'-, etc 
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fioin 5 to 10 caipels Note tlie lesemblauce of each carpel 
to tlie single caipel (‘ pistil”) of Bean or G-oise Open up 
a carpel and note the aiiaugenieut of the seeds how many 
lows aie theie, and on what side of the carpel, mnei (towaids 
centre of flower) oi ontei, are the}’’ can led ^ When iipe it 
becomes a diy fiuit (follicle) winch splits open along the 
seod-beaniig mnei edge, the seeds aie gradually shaken out 
as the wind i ocks the f i uit to and f i o " 

325. The Buttercup Family (Kiaiiunculaceae) is dis- 
tinguished by the complete absence of cohesion oi adhesion 
between the paits of the flowei ; the sepals, petals, stamens, 
and carpels arc always free [except in NiqeUa, wheie the 
eaipols aie joined togethei and the fruit is a capsule] The 
stamens aie indefinite in niimbei, i e they aie ninneions and 
beai no definite niiiiieiRal i elation to tlie petals oi sepals 

Tlie only leally cominoii geuoia in Biitain are Raniniciihi^, 
A}]n)io}i(\ Cf( and Caltha, but many aie cultivated in 

gardens for then showy flowei & 

326. Flower Mechanisms in Baniinculaceae. — This 
family sho^ys a wide and iiiteiesting range in flowei stiuc- 
liuo, and includes some of the moist beautiful examples of 
adaptation to visits of paiticiilai insects The peiiaiith is 
generally petaloid and iciiely allows a “typical” calyx and 
corolla, though this does occui mthe laigest genus (the one with 
most Species ) — JRanuncalus In iieaily all cases the “ jietals ” 
eithoi l)cai iiectaiies oi aieiepieseiitedbynioieoi less elaboiate 
honey-oigans These iiectaiies, wdiicli so often occui between 
the poiianth leawes and the stamens, aie commonly legaided 
as modified petals, but more probably they have been deiived 
fiom the outei stamens and have iievei been petals at all 

Which geiieia have flowei s w^’hose stuicluie seems to sug- 
gest (1) that the flowei has not yet developed petals, -ydiose 
all 1 active function is assumed by the colouied (petaloid) 
sepals, or (2) that petals may have been deiived fioni the 
outoimost stamens, oi (3) that sepals may have evolved fium 
fob age-leaves oi hi acts giowmg ]iist below the flowei ^ 
Pei haps the flowers of this family aie still in eoiiise of 
evolution, at any late, veis few show the distinct sepals and 
petals ot a “typical flowei ” “ Sepals ” aie always pieseiit 
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(pimiaiily as a gieen piotective envelope), and should the 
“l3etals” develop as honey-tubes oi leniam undeveloped the 
“sepalh” usually become white oi colouied when the flowei 
opens, laiely remainino gieen (Wild Helleboie), so that it is 
at least convenient to limit the teim “ petals ” in this family 
to tlie honey-leaves 

The flowei s aie usually piotandious, with the antheis 
extioise (opening on their outei faces), but those of Tliahc- 
t}um (Meadow-iiie), Hellehoius (Chiistmas Eose), and Eicm- 
iJiis (Wmier Aconite) aie piotogynous, and those of Wood 
Anemone and (Globe-flowei) aie homogamous 

Wood Anemone and Tiavellei’s Joy aie honeyless flowei s, 
visited chiefly by small msects (flies, etc ) foi pollen, but m 



Tig 123 — LongitiuTnul Suction of Floi\ei of LaikHinii (D renio) 


some species of Anemone and Clemahs (Tiavelloi’s Joy) 
theie aie honeyed stamiiiodes paitiallv concealed by the 
sepal-bases and the stamens, and theietoie only readied by 
faiily long-tongued insects (Pheasant’ s-evo) and 

TJuilictntm aie also “ jioHen-floweis ” , some species of 
Thahchum liave injlycjamoiis flowei s (some with stamens oi 
with caipels only, otheis with both, on same plant) and aie 
laigely wind-pollmated, tliouglithe kinds witli pictty antheis 
aie visited by insects 

The floweis of T)ollius and Wood Anemone aie often solf- 
pollinated, and in most of ihe othei goneia solf-pollmation 
may occur as a last- lesoit, but iii HelJehonn it is piocluded 
bv the absolute piotogyny of the flowei In Nigel! a (Love- 
in-a-mist) the long styles aie at fiist eiect, out of loach of 
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the bUiiieas (the fluwei la piotogynoub), Init hetoie all the 
aidlieis luLve opened the styles (uulebS alieady pollinated) 
bend down and thus bimg about self-polhnatioii 

li!)anilub and Paeon^'- show clobiug inoveinents to piotect 
the pollen and honey (of Little Celandine), and Tiolkuh has 
Ihe Jioweib neail) closed all the time, siinilai piotection ib 
f^iveii by the inclined oi dioopini^ position of the flowei in 
llellehoi us and in Aij[ioileijia (Goliiinbme — the hooked end of 
the petal-spius pi events the honey tiom diopping out), by 
the aiclied hood in Monks- 


hood, and the lioiizoutal 
position of the fiowei in 
Laikspiii The nectaiies 
oi Coluiiibine, Laikspni, 
and Monkshood can only 
be leached by long-tongued 
l)ees , the howeis open in 
biiiuiuoL, when bees aie 
pleiiLiiul, aie visited chiefly 
])y luiiiible-bees, and usu- 
al Jy have the iicli blue 
coloui chaiacteiistio of so 
mail} “ bee-floweis ” 

The howeis of Laikspiu 
(Jjhg 123) and Monkshood 
(Jhg 124) aie the most 
liigliJy specialised in the 
ianiilv, and the visiting 
inseids can only entei in 
one ])aiticulai way to leach 
ibe well-concealed necta- 


POST §EPAL 



BRACT 


jj, IJJ — LuJig^itiuliiiiil Slc tioji ol riuuci of 
j\[oilk'jllOUll 


lies, the stamens imne upwaids oi mwaids m tiuu, as 
they iipeii, so as to block the way to the nectaiies, each 
stamen moving away agtiin when its pollen is shed In 
Laikspiu the eiitiance to the spin is iuither uai lowed by 
the two Side-petals, piesent m most species, which also act 
as “ honey- guides ” 

The humble-bee often bites thiongh the petal-spurs 
of Columbine and the hood-sepal of Moukshooil, but the 
thick double-walled spin of Laikspur seeiiis to pi event 
this These tliiee fluweis aie fine examples of adaptation to 
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a special lUbeLt-vibitoi , the pollen and honey aie slielteied 
from lain, and the honey <.an only be leached by a laige 
and long-tongued bee All thiee flowei in midbiniimei, 
when huiuble-beob aie mobt abundant The limit of dis- 
tiibutioii of the Monkshoods {Aconittim) ovei the eaith 
clobely follows, and is just within, that o± the humble-bee 
{Bomhiis) 

327. Greater Stitcliwort (Sielhnui holostea ) — This 
well-known plant, whose white stai-hke floweis aie pi od need 
so abundantly in hedgeiows in spiing and eaily suiiiinei 
(Apiil-June), is a heibaoeous peiennial, the shoots dying 
baek in wmtei The blanches pioduced in spimg aiise fioin 
buds in the axils of last yeai’s leaves on the old paits of the 
stem 

The weak slendei steins aie foiii -angled, and easily broken 
acioss at the swollen “ nodes,” whioh beai the leaves in classed 
pails The stems aie not stiong enough to glow eiect, except 
when the plants aie ciowded and suppoit eacli othei, but 
they often chin]) or soianilde ovei the hedge-foiining 
sill Libs The naiiow leaves (1 to 4 iiis long) aie at hist 
elect (paialiel with the stem), Init as the stem with its long 
iiitei nodes (due paitly at least to the plant being bJuuUd) 
insinuates itself among the bianclies of the hawthoins, etc , 
the leaves spiead out and thus hook on to the suppoits, the 
foiu lough iidges of the stem also helping in this method of 
climbing 

The giass-like foiiii of the leaves is also well adapted to 
enable the Stitclnvoit to glow among long glasses and to get 
its shaie of an and light in the stiuggle which is so keen in 
ciowded hedgeiows The leaves aie iigid and sessile, then 
long naiiow shape making a stalk unnecessaiy, and the bases 
of each pan aic joined aiouud the stem, foiiinng a soib of 
cup in winch watei can be caught and absoibed by the stem 
“nodes ” Note the haus coveiing the youngei pails of the 
stem and the edges of the leaves, and the single well-maiked 
vein (inidiib), with indistinct side- veins, of the leaf. 

Most of the shoots end in an infioiescence, which is a good 
example of the dichabiuni or bipaious ejune, chaiacteiistic of 
this family though found in seveial others The stem ends 
in a howei which glows out on a long thin stalk, then a 
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Liauoli aribes in tlie a\il ot eacli oi* the two lea vets, thi's 
biaucli heaiiny a pan ot letUOb auJ eudiui^ iii a fioA\ei, and 
so on Tills bianclimg may oolui quite iet>uLiily as uiten 
biv tiiiieb, but as a lule the lull niimbei oi; floweito is nut 
ioLiued ev^eiy time o± biandimg 

The llowei (1 to 2 unis diam ) has five liee sepalb, fi.\e 
petal's twice as long as the sepals and each deeply Hutched, 
ten stamens in two ciicles, and a louiided uvaiy with tlnee 
styles The iiumeiuus uvules aie on a liee eential axis The 
cup-hke dowel contains honey, seeieted by glands at the 
bases of the stamens on the leceptacle and available to shoit- 
tongned insects 

The flowei is piutandioiis, the two ciicles of stamens suc- 
cessively using and shedding then pollen befoie the styles 
chveige The iiinei suiiace ot each st^le m coveied with 
stiguiatic hails, so that pollination due-^ nut occin until the 
styles spioad out and expose then stigma-siiilacefc The 
llo^\els aie u&ually cio'^.'^-poilmated by the ■\aiiou& nisect- 
visitoi'M, l)ut seli’-polhnatioii may oecui as a last lesoit by the 
spieadiiig styles^ touching the anllieis 

The fiiut is a thin- walled globulai capsule, wlucli bjilits at 
the top into six teeth, the seedb being shalceii out when the 
wind locks the plant about (censei lueclianism) 

328. Common Cliickweed (Stcllcuuo 'nLcdui) is one of the 
comuioiiest and most "vaiiable plants, but is easily leeoguised 
by the line of haii on the oylindiical stem, changing in posi- 
tion at each “ node ” Water ponied on the leaves luus clown 
these hues, which evidently sei\e to diy the plant aftei lain 
and to convey watei to the loot, some of it xnohably being 
absoibed at the “ nudes,” wheie it collects in a diop between 
the bases of the opposite leaver The leaves aie ovate and 
pointed, but vaiiabie in size , the lowei ones aie stalked, but 
the nppei (those coming oJf above the lust flowei oL the niH ) 
aie sessile The flowei & aie much smallei than in Stitch- 
Avoit, the petals aie geneially shoitei than sepals , stameub 
geneially only thiee to five, raiely as many as ten The plant 
is a poly cai pic annual, flowei ing all the xecxi lound , in wintei 
the flowei s aie often cleistogamic, soinetmies without jietals, 
and m any case are honiogamous and self-pollmated in the 
absence of insect- visitoi s (flies chiefly) 
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329 The otlici But species of Stdlana aie peieimial& Lesser 
Stitcliwort [S (pamutui)^ m cliy holds and liedgeiows, leseinhles 
(a-iocitei SfciLchwoifc 111 moht lespcets, hut has uaiiowei leaves, sexials 
joined at bases, and ijeiigynous stamen-, , the capsule is egg-shaped, 
the riuweis (Maj^-Aug ) aie latliei smallei and not so maikodlj^ pio- 
taiidioiis Bog Stitcliwoit iilujinoba) also has the stem l-aiigled 
and the sepals joined, but the cyme has veij lew floiveis (May-July), and 
blicse aie hniall in diam ), with petals shoitei than sepals Marsh 
Stitchworb {S jja/ita/uto) ako has 4 angled stem, united sepals, and 
egg shaped capsules, but petals longei tlian sepals , while Water 
Stitcliwort {S aqiuUita) has bioad leaves, floucis J iii acioss, and 
laigo (1 111 long) ovoid capsules siiuounded by the lieo sepals, which 
enlaige atlei flow ei mg, and diflei, iioni the other species iii having 
5 styles and 1 0 capsule- vaU cs , these two species aio not so common 
as the otliei thiee 


330. Reel Campion {Lijclinis ihiumt) is veiy coimiioii m 
liedgeiowb and damp, bhaded placeb It lias a tlim biauoliiiig 
rhizome, giving olt elect (1 to 3 ft high) fioweiing blioots, 
with b talked ob ovate “ladical” leavob (3 to 6 nib long) and 
nanoivei bebbilo uppei loLives , the whole bhoot ib coveied 
with boft haiib tiiid the oyhndiical bteiii has swollen nodes 

The Bowel b (May-Sept) aie unibe\ual, and the male and 
toinale planhs aie easily dibtmguiolied, as a lale, even hofoie 
lloweimg The loiiiale plants aie iisnally uioie lobiisL, ivitli 
thickei steiiib and laigei leaveb The tioweib (about 2 cnis 
aeiosb) lia\e a hany, leddibh, gtimobepalous calyx, wntli five 
pointed teeth, coiiebpondmg to live iidges on the long ( Wn ) 
Ctily\-tube , in the iemalo flower the calyx is moie globular 
than ni the male The five petals aie Xiee , cacli lias a iiaiiow 
veitieal stalk (claw) audahioad spieadiug, lioii/oiital, deeply 
del t blade, ivith a two-lohed scale at ]unetion oi stalk and 
blade The live claw'-b, held togetliei by tlie tiibulai calyx, 
loini a deep floivei-tube, bO that only long-tongued mseetb 
(l>ees, hiitleilheb) can leacli the lioney, the five spieading 
lilades beivmg as a platroim, while the scales foini a collar 
01 “coioiia” and keep out small insects, hesideb liclpiiig to 
pi olect the honey and pollen 

The male flowei has ten slamons, five hemg longei than 
the alternate five (aie the long ones opposite petals oi calyx- 
teeth P) Sometimes the an theis contain, instead of pollen, 
a powdeiy hi own oi black mass — ^the spoies oi a sinut- 
f Ling us, which aie caiiied iioiii llowei to llowei, like pollen, 
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by Yiaitmg inseLts Tbeie ib often a iiicliment of the pistil 
in the centie of the male flowei The female flower has an 
eg^-shaped ovai}'' with five long spieaclmg stjdes, and soiue- 
tiiues contains ludimentaij stamens 

The capsule, iieaily globulai, opens hy ten teeth, -winch 
cuive outAvaids, leaving a wide opening , the shoit flowei - 
stalk lemams erect, and the censei mechanism is inoie 
efficient than in the Stellaiiab 

331 The White 01 Eveiiiugf Campion {L, /???«) lesomhle? 

■Red C'.impion in stiiictiuc, but giow^ indiiei and moie o^[X)osc^l places, 
otten in lields as well a-s liedgouju'-. , its flis ( May- Oct ) aie vliite 
and onlv open in tlie evening, and aic \isitcd b}'' moths 

Twoothei spocieb of L?/(hnn aie common , both diffei fiom Red and 
White Campions m having piotandious $ doweib ZSiaggfed Hiohin 
[L nudi)^ peieimial, in moi^t fiehh and beside sti earns, has ban less 
shouts vitli lanceolate Icives, the blade of each petal is dnided into 
tuui nanow lobes, giMiig the diuopiiig losy flis a riiaLacteiistic look , 
the cap'.iile is egg shaped and opens h^’- 5 tectli onlj^ The Corn 
Cockle {L (idhaffo)^ annual, is a licautdul coinfichl veed, stem I 
to 2 ft high, only slightly blanched , the blanches and the long (2 
to 5 ins ) lanceolate leaAcs aio iieail^ eicct, making a small angle with 
tlie stem (why is this habit advantageous to a plant glowing among 
tall com'); '^tein, leaves, and calj \ co\eiGd -with long Iiaiis , flis 
feu, laige, pale puiple, scentless, calyx- tube iilibcd, teeth lavgc and 
pi ojectnig beyond eoiolla, petals -witlioub scales and vitli blade only 
slightly noiohed oi cntiic 

332, The Campion ramily (Caryophyllaceae) is easily 
lecoguibed by tlie opposite (decussate) simple, goueially 
eiitiie, leaves, stein usually wuth swollen nodes, legulai 
flowei s ill dicliasia (bipaions cymes, m •which one side 
generally outgiows the othei and branches more fieely) , 
ovaiy oeneially with fiee contial placenta beaiing mimeious 
ovules 111 double rows coiiespondmg to the number of caipels 
(indicated by mimbei of styles), and sometimes showing at 
the base tiaces of pai tit ions 

333. Flower Mechanisms in Caryophyllaceae. — There 
aie two distinct types of flowei stiuctuie m this famity 
In the lowei type (Alsiiieae) the flowei is wide open, the 
sepals being fiee or (Knawel, Lessei and Bog Stitch woi ts) 
]omed at the base only, and Llie petals sessile or having 
only slioit stalks (claws) The flowei s of SteJJcuia aie 
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moie 01 less peiigyuous The liouey, sccieled hy a naiiow 
iiiig, 01 by 5 01 10 glands, at the base'^ of the btameiis, 
IS accesbible to shoit-tougued iiibeclb, though thobo with 
latliei laige floweis (e ij Gieatei Stitchwoit) aie aho visited 
by bees 

Kuawel (ScJei Peailwoi t, and Ghichweed aie huino- 
gainoiis and laigely self -pollinated, Chichweed having m 
wiiitei cleistogamic lloweis These, as well as the Sandwoits 
and Spuneys, aie visited by flies Saginct nodosa (Pearlwoit), 
Ceiastinni (Mouse-eai Chiclcweed), Lesser Stitchwoit, and the 
Spuneys (Sj^etyulct and Speujiila) la) aie moie oi less pio- 
tandioiis but capable of final self-pollination, while Gieatei 
Stitchwoit IS almost completely piotandioiis with but little 
self-pollmation Aiena)}a innoviu is evceptional in being 
piotogynous, while ena\ la iieploides (Sea Puislane) is poly- 
gamous 

In the Sileneae the flowei is made tubiilai by the gamo- 
sepaloiis calyx, the petal-claws and stamens paifcly filling the 

tube and mating the 
hone}'- (secieted by a 
nectaiy on the leceptaclo 
at the base of coiolla, 
Fig 125) inaccessible to 
any but long-tongued 
insects (bees, butterflies, 
moths), small insects 
being fui'thor excluded 
by the corona” of 
scales on the petals m 
8ilene and Lychnis (exc 
L githago) The Silene- 
ae are geneially very pro- 
tandious , the Fed and 
the White (Evening) 
Campions aie dioecious, 
while Bladdei Campion 
IS polygamous 

In most cases butleiflies aie probably the chief visilois, 
but Evening Campion and seveial lands of Catcliflv aie 
niotli-pollmaled, the fioweis opening and becoming heavily 
scented only at night and having conspicuous white oi pale 
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Pig 125 — Lou!;itiuliiua Section of Flowot of 
Oloie I'mk 
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coiollasi In 8 dene nutans the flower opens dnung thiee 
successive nights, five stamens shedding then pollen on eacli 
of the fiist two nights and the styles piotruding on the thud 
In the night-lloweimg Catchflies the petals leiuam ciiived 
inwaids duimg the daytime 

334. Wallflower (Clienanthns clien'i) can he obtained 
in flowei an almost any time of }eai Vaiioiis othei plants 
of this easdy lecognised family should also be examined 

Hote the peieiimal eiect btem, woody and coik-clad below, 
gieen and five-angled above , the ciowded sessile lance-shaped 


LONG _STAMEN STIGMA 



leaves, entne oi slightly toothed, aiiaiiged in five lows, the 
nmneioiia blanches, often ending in a biactless laceine of 
flowei s (iich led oi puiplibh biovm in gaiden plants, yellow 
in tlie wild foiin which glows chiefly on old walls) The 
youngei paits, including the sepals (outei side) and the 
ovaiy of the flowei, beai cuiious bans, not easily seen but 
plainly felt on di awing a leaf (undeiside) acioss one’s lips 
These Ihuis aie pointed at each end and he paiallel with the 
siuface ot ihe stem oi leaf, attached by a. slioit stalh at the 
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middle, lite a coin2)a'5fe -needle , they aie well adapted for 
pieveuting hlugs and snaik fioin ciawlmo ovei the plant 
Teai oft a stiip of jakin (epideiinib) fioni stem oi leaf, mount 
ni watei, and diaw some oi the liaiih seen with the nimioscope 
In a lacenie note that all the floweib aie at fiist kept 
neaily at the same level, owing to the loiigei stalks of the 
lowei floweib, hut as the lowest floweis withei (aftei pollina- 
tion) the iacenie-a\is giows on and the iie\t floweis to open 
take then places, until all the floweis have opened and lieen 
pollinated, then the a\is keeps on lengthemno and spaces out 
the flints Note the position of each pait of a flowoi with 
lefeience to the stem oi iacGiiie-a\ib (Fig 12G) 

Note the fom fiee eiect piiiplish sepals, ni two pans, one 
pail (light and left) a little below (outside) the olhci (fiont 
and back) pair, the two lowei (outei) sepals aie bulged at 
the base Note the foiu fiee petals, ench with a naiiow eiect 
lowei pait (claw) and a hioad spieadmg upjioi jiait (limb) , 
the two outei shoit stamens (one opposite ea( li oL the bulged 
sepals) and the tom nmei long ones (in two ]>aiis, a pan 
opposite each miiei bepal) , the cylindiieal ovaiy with two 
lounded stiguia-lohes on a\ 0 Ly shoit style, 
the gieen neclaiies at the Imscs of the 
outei stamens 

The lione\ can only bo leaeliod by faiily 
long-tongued bees and luitteiilu's , they 
stand on the plattoim made liy the 
spreading petal-limbs In jnobnig ioi the 
hone), which collects in tlm pOLk(‘l-hke 
bases of the outei sepals (each oL Ihe two 
outei stamens stands out, leaving a space 
between it and the pistil), a liee wil! mb 
against an a-nthei with one side oi its licsid 
and against the stigma A\ith the othei side 
Thefiagiant floweis aie much visited by bees and buttoi flies, 
but aie self -pollinated in the absence oi iiisect-visits 
The stiuctuie of the ovaiy is best seen by examining the 
flint 01 “pod” into which it giows , it can, liowcvcu, lie 
made out with a lens The ovules aie attached to the iiniei 
wall of the ovaiy at opposite sides (fiont and back), but 
fiom each placenta a plate of tissue glows (wlieu the flowei 
IS developnig) to meet a coiiespondnig plate fioiii tlie opposite 
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plciceutti, SO that the ovaiy lieconies two-chambered, though 
the ovuleis aie on ]ia) letal placentas 

When the “pod” iipeus, the wall splits olf 
into two valves (light and left) fioin lielow 
upwaids, leaving a fianie consisting of the 
thickened placentas (each beaiing two lows of 
seeds) with the thin pai tition (“ false septum ”) 
sti etched between them (Fig 128 ), the 
opens in diy weather and the thin flat seeds 
may be earned by the wind This kind of 
capsule IS teiined a noliq^na , it is very chaiac- 
teiistic of the Wallflowei Family, though occiii- 
iing 111 a few othei families besides 

335. The Wallflower Painily (Ciucifeiae) 

IS easily recognised by tlie cioss-like aiiange- is— runt 

ment of the tour petals, the geneial similaiity 'dt w~uiflowm’*^ 
of the other flowei -parts to those of Wall- 

flowei, and by the fiiiit, which ivS iieaily always a siliqua oi a 
silicula (shoit bioad siliqua) 

336. Flower Mechanisms in Criiciferae — The fioweis 
aic generally liomoganious, though often piotaudious but 
with a lelativ^ely long ovTiIa-ppmg peiiod dining which self- 
pollmaiion ma}^ occui The lioweis aie vusited lay flies when 
the sepals aie shoit oi spieadmg and the petals shoit- clawed, 
and some of tlie smalL-floweied types (e cj Sheplieid’s Purse, 
whose flowei s often have only 2 -i stamens when piodiiced in 
the Goldei months) aie legulaily self-pollinated The laigei 
flowei s, 111 Avliich the sepals aie eiect and hold the clawed 
petals tugethei .so as to form a soil of flowei -tube, aie visited 
by bees and biitteiflies, the honey being paitially concealed 
and pi elected fi 0111 lain Tlie laige light-coloiiied evening- 
scented flowei s of Ilesjfe) is (Dame’s Violet) and some Stocks, 
etc , aie visited by moths 

Note the geiieial lendeiicy of the laceme to foiiii a loiiiid- 
01 flal-toppod infloiesceme vvliilo the lloweis aie opening — 
the laceine is neaily alv\ays coi ijnthose — so as to make a con- 
spicuous mass of flowei s This is e.specially maiked in 
Candy tulf, wlieie the flowei s, especially the outer ones, have 
a z}gomoiphic coiolla After flowei mg, the laceuie-axis 
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lengthens out, caiiymg up the fiuits for moie elfeutive seed- 
dispersal 

337, The Field Foppy (PajJiive) iltoeub)^ so common m 
coinheldb, is the hugest of the led Poppies gioAvmg in Biitam 
It IS annual, and its leaves aie cut up piunately into toothed 
pointed lobes, coveied with loiigli spieading bans 

The floweis (May to August) aie laige (3 to 4 inches 
acioss) and aie earned on long stalks coveied vith binslly 
haiis like those on the lest of the shoot The young flowei 
nods on its stalk, not simply on account of its own weight 
but because one side of the stalk giows moie rapidly than the 
othei , when the flowei is about to open, the concave side of 
the stalk glows moie and thus lirings theliowei eiect When 
the stalk has stiaightened, the two thick h any concave sepals, 
winch have coveied and piotected the young flowei, diop oil, 
so that unobseivaiit stuclents aie apt to think the Poppy has 
no calyx 



ISTote the cm ions ciumplod iippoaiamo of the petals in the 
young floAVGi , as the lattci opens the folds aic smoothed 
out The foiii petals me in tvo pans, and each petal ha, s 
a black patch on its lower pait, so that tJie ceiitie of the 
seal let llowei is made moie conspicuous The staniens 
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tLie uumeroiis tincl liave cmved iilameuts, aiclimo over tlie 
pibtil The outer -^tcbineus open fii&t, moviug oiitwaids as 
they shed tlieii pollen See 120, 130 

Tlie pistil licib ti peculiai feti uctiiie It coubists of a loimded 
top “dipped ovaiy, ti owned by a ladiatmg feeiies. o± stigma^ 
(8 to 12), foinimg iidges on the com ex. 
loot of the ovaiy Thib loof pio]eLts ovei 
the ovaiy at the edgOb, and on cutting 
aciobb the ovaiy ]Ubt below the “ ea^es ” of 
thib looi you will bee that the cavity of the 
ovaiy appeal b to be paititioned up by a 
bGiieb ot ladiatiiig platob coiiespondmg in 
nuinbei and in position with the stigniatic 
iidges The plates, oi placentas, co^eled 
with numeioiis ovules, aie nigiowthb of the 
ovai^ wmII, but they do not meet at the 
(.enlie of the ovaiy ca\ity, hence the o^aiy 
is one-chanibeied Avitli paiietal placeutation (Fig lol) 

In most ot the lloweis vhich have this kind of ovaiy each 
stigma stands clnectly ovei the midrib of a caipel and theie- 
loie between two placentas, the evceptioiial aiiangeuient 
seen in the Poppy is explaiued by legaidmg each stiginatic 

iidge as coiiespondiug to 
the fused lialves of two 
adpiLent stigmas When 
polleii-giams aie placed on 
a sliginatic iidge,the pollen- 
tubes glow clown m the 
loose conducting tissue of 
the placenta auci emeige on 
leachmg the oAules 

The Poppy flowei con- 
tains no honey, and is a 
good Gvaiiiple ot a pollen- 
fiowei, being visited by all 
soils of insects for pollen 
III ciavliiig about tlie slameus and stigmas, tlie insects may 
etlect eitliei cioss- oi selt-pollination The pollen-giams aio, 
conhaiy to the goiieial lule in msect-pollinated howeis, little 
damaged by lain, to which the eiect open flower is tieely 
exposed, and appeal to be unwettable by watei 
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Ej!, hi — SloIiou icui-i 0\ 11:5 ot I’oi-in, 
nljijuiiia J‘KiLLiitas bL.uiiiti tlio (J\ iiltrf 
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Aftei pollmation, the petals auil shimeuis tall ott, and a^ 
the capsule glows laigei you can '^ee, just below tlie eaves of 
the stigmatic loot, a uuiuhei of 
openings being loiined by bits of 
the wall splitting ott (Fig 132) 
The flowei -stalk leinaiiis eiect, the 
loof of the capsule protects the 
seeds against laiii, and the seeds 
giadiially escape thiough the holes 
when the plant is shaken by high 
winds This is a fine example of a 
censei luechanisin 

338 Tlie Poppy Family 

(Papaveraceae) is a small one, 
closely allied to the Ciiioifeiae and, 
like it, consists almost entirely of heibaceous plants, chiefly 
found in the ISTortli Temperate legions The Fumitory 
Family is now inei ged in the Po23py Family, because, though 
difteiiug fiom the latter in some lespects, it agiees iii having 
two sepals, foil! petals, and a supeiioi one-chambeied ov.iiy 
The Popjiy Family in the videi sense has theietoie two sec- 
tions 01 sub-01 dels (1) the Poppy Sub-Oidei (floweis 
legidai, petals not spuiied, stamens iiunicious) and (2) the 
Fumitory Sub-Oidei (petals spuiied, stamens two) 

Siih-Oider — Besides itscU, llieie .iic Iwogcneia 

coinincm in Biitam, and each icpicseiited hy a single n.itivc species, 
both have long nail ov uvaiies and fiuils, the latLei opening liy Uvo 
vahes, m somewhat the same way as the silnpia ol a (Jiiicitci 'J’hc 
planta of tlie Puppy Siih Oidei usii.illy conl.nn iinlky oi yellow 
]incc 

The Greater Celamliiie {Chclulfuiunn conunon ni J^ngland, 

on loadsides and in waste xilaces, but cliicllv laai houses, li,is leaU 
shoots 1“2 feel) higli, containing oiaiigc iince, Uiin Icaxcs di\ ided into 
3 7 toothed lolies , yellov th^, vilh uniliol, long ov.iiy, shoit style, 
vith 2-lol)cd stigma , Iiiiit oxicmng )a two val\es uliicii Hejiaiatc tioin 
below npvaids, seeds with a small axijiendago (hji di-.jiois.il l)\ ants) 
Tlie Homed Sea Poppy {(r/durio/u Infnuit) is a laigu annual common 
on saiKb'' slioies, uitli spieading blanches and iliRk Ic.lvcs cu\eied 
with va\y bloom , ths laigc (2-1 inches acioss), golden yellow , o\ai 3 '' 
divided into two chambeis by a xiailitiori (as in Ciucilei-) , iiuit about 
a toot long 
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339- Dog !Rose (Rosa canuia) — Tlieie are iiicUij kiiiJb of 
Wild Robeb lu BiitLiiu, the Dog feose beiug the ooinmonebt 
The plant hats a woody “block” which pioduces buckeib, 
thebe aie albo given oft hy the lootb m some cases Dm mg 

the hist yeai of gioA\Th each blioot iibiially giowb eiect to a 
height of thiee oi fom feet and doeb not bianclij latei on 
the shoot ma}’- bianch fieely and leach a length of ten feel oi 
moie 111 a single season 

How do the long aiohed shoots sciauible ovei othei plants 
m a hedge Sketch a piece of the shoot, showing the 
shape of the piickles and the diiection in which they cmve 



Aie the piickles deeply embedded in the stem, oi can they be 
pushed oJf easily ^ Each piickle is evidently pait oi the iind 
01 outei tissue of the stem 

Sketch a leaf , showing the naiiow pointed stipules winch 
adheie to the base of the leaf- stalk , pull a leaf down and 
notice the bud, which is piotected by the stipules 

Do all the shoots beai flowerb ^ Do the floweis glow 
singly or in clusieis^ Aie the floweis found m the thick 
paits of the hedge, ui only at the top and along the sides, 
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where tlieie is plenty of air and suuhght How dues the 
aiiau^^ement seem advantageous willi i eg aid to (1) the 
pollmation of the tloweis, (2) the npeiimg of the tiiiitb, 
(3) the dispel sal of the fiiiits 

Examine a flower (Pig 13r3), noting the gieen urn-like tube 
fioin the edge of winch arise the five gieen sepals, the five 
white or leddish petals, and the numeious stamens, the 
petals aie attached by a iicXiiow base, as in Butteicups, while 
the sepals have bioad bases Examine the sepals caiefully, 
noting the appendages which fimge the edges, are all the 
sepals fimged on sides, oi aie any ot them fiiiiged on 
one side only, oi not fiiiiged at 011 “^ Exainiuo a flov^Bi-biid 
and see wdiethei the lelative positions of the sepals thiow light 
on the distiibiition ot the fiinges 

The Dog Hose has no honey, but tlie floweis (June to 
August) aie visited by vaiious insects for pollen Hote the 
numeious styles, each with a slightly dilated stigma, which 
pro 3 ect a little fiom the nioutli of the flowei-tube Gut a 
flower down thiougli the middle of the tube and tiace the 
styles down to the ovaiies which aie mseited all ovei the 
lowei pait of the tube The stigmas liecome leieptne piacti- 
cally at the same time that Ihe authois open, hut insects 
geneially alight on the stigmas liist, and thus bung to 
them pollen tioin pioviously visite<l tiowois 

Examine twigs showing vaiious stages m the fuimatiou of 
the flints G'hips”), noting that the sejitils become lient duwn- 
waids but do not tall oft beioie the fiiiit, iipens and tiuus 
led Hote the shape ot tLe fiuit (iioin wliat pait ot the 
fiowei IS the icd tiesh\ “hip” loiined'^), ihe naiiow mouth 
ot winch IS blocked with woolly luateiial , on the iim oi the 

lull notice the hve scais wheie the sotials liaise fallen Cut 

ihe ‘‘liip” in two longitudinally^ noting its thick Wtill and 
the numeious seed-like bodies (leally Hints, ahenes, binco 
each is foimed fiom an oviii}'’) within it, and the white 
thieads (bundles) passing liom tlu' flowoi-stiilk into the 
wall oE the “hip” Why is one side oL each akene cuived 
and the otliei two sides flat Eule the sleiidei lliiead (style) 
at the top of each akeuo, also the stitl buttle hand iu\euiig 
the akeiies and the mnei siuiaco ui the “ hij) ” The akoiies 

aie dispel sed by buds, which aic atti acted by the blight 

colour of the fleshy “ hip ” 
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340 Some of Uie coniinoDei Wild Roses aie easily identified Tlie 
Bxiinet Kose oi Scotch Hiose [Ji ib a biiiall eieet 

biislij^ plant (1 to 3 ft Ingli), chiefly found on sand or sliinylc at tlie 
coast, x\ith ciowdcd jiuckles \aiynig in sue and shape, but mostly 
straight, eai '' ' nere bustles and glandular haiis , seven to 

nine small small, solitary , fruit nearly black , sepals 

peisistent and ciect on to]i of “hip ” The Sweet Biiar {R i fibiffinobti) 
IS luoie closel}'- allied to Dog Ro^e, but itb leaves have a pleasant ‘^meli 
V hen nibbed owing to an aioinabic sub'^tance piodiieed b} ninneious 
small leddisli gland liaii^ on Ical-btxlks and lowei side ot leaflets the 
piickles aic liooked but mixed vith bustle^ and haiis, floveis usually, 
solitai^ The Bielcl Kose [11 m ieiii,ia) has leaves and piickles as in 
Dog Rose, bub is a inoie bi ailing plant, the flowcis aie white, scent- 
less, HI cliisteis (3 01 4), “liip’' globular , sepals not fringed, stjdes 
united into a column winch piojccts from mouth ot “hip this 
s]jecies keeps on ^ ^ ' than the Dog Rose The Downy 

Rose (7i ii/loba) from the downy vaueties of Dog 

Ro'iC by the gloludai triiit, wlucli beaib small piickles , tlie stem- 
])iiclvles aie straight or only slightlj^ curved, the leaflets down}’' on 
both sides 


341. The Rose Family. — One of the chief teatiues dis- 
tinguibhiiig tins laige faiiiily {Rosaceae) fioiii the Butteicup 
family is the presence of what is often wiongly called a ‘‘ calyx- 
tube ” If you iiiiagiiie a Buttoiciiji flowei in which the lecex:)- 
tacle, dm mg the development of the ilu wer-xiai ts, glows up 
at the sides as a ring which caiiies on its edge the sepals, 
petals, and stamens, leaving the caipels on the cential knoh, 
you Avould have a flow^ei like that of a Cinquefoil, Stiawheiiy, 
01 Blackheiiy The cnp-like outgioxvth involves the sepals 
moie than the othei prirts, which can easily be detached fiom 
the cuj) Tlub upgrowth of the leceptacle not only tends to 
enclose and piotect tlie caipels, hut also makes the flowei 
tiihulai and conceals the honey to some extent (theie is 
usually a honey- disc within the liases of the stamens) In 
Apple, Peai, Hawtlioiu, Quince, Medlai, etc , the leceptacie- 
cup glows up closely aiouud tlie caipels, and latei on becomes 
joined to them 

The gieat vaiietv of fiiuts (akeiics, duipes, diupelets, fol- 
licles, and pomes) found in this fainilv is due to various 
causes — the k- - ^ ' shown by the flower, pei- 

sisteiice 01 I ^ » receptacle calyx- tube ”), 

diyness oi fleshiness of peiicaip oi icce^itacle, iiimiher and 
foiin of iipe cai^oels, etc 
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ilsrote tlie following' interest mg features in tlic vegetative 
oigans — tlie luniieib of Stiawbeiiy and of some Potentillas , 
the suclceib of Raspbeiiy , the long shoots of some Bi amides 
which glow into the soil at the tips, pioducing loots which 
eoutiact and pull the tip down, and the foiniation ot new 
plants in this way, the piicldes of Eoses, Biaiiibles, Easp- 
beiiy, the spines of Sloe and Hawthorn, the cuiious glands 
on the petiole of Gheiiy, 311st lielow the leaf-blade , the evei- 
gieen leaves of the intioduced but commonly cultivated 
Cheiiy Lain el and Poifcugal Lain el, both belonging to the 
Cheiiy genus (P)2onus) 

342, Flower Mechanisms in Rosaceae, — In most 
Eosaceae the floweib, which aie legulai and show all degiees 
of pengyny, aie insect-pollinated (except Salad Bui net; and 



mostly visited by all soits of insects In most cases hoiu'v 
IS pioduced by the whole innei siiiLicc ol die lecejitadc, 01 
thei e IS a iing-like nectaiy (disc. Pig IJt) iouikI llio le- 
ceptacle mouth within the” nisei t ion of Iho stamens. Dog 
Eose, Agiimony, Meadowsweet, «ind DuipwoiL .ik* hoiu‘\ h^ss 
polleii-flowei s Lady’s Mantle and the smaller Potent illas 
aie visited by flies, Ootoneaster chiefly by wasps 

In FiiiiiUb (Cheiiy, etc) and the laigei-fioucicd Pviiis- 
types (Apple, etc ) the stamens foim a soit of palisade, which 
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keepb out slioi t-toDguetl m^aectb , tins is espeuially uiaiked in 
floweis hlie those ot Quince, winch aie laigely vjbited by bees 
(tlie slid lei -tougued ones only getting pollen) and whose 
leieptacle is often boied b> the bees Tlie floAveib aie often 
moie 01 less piotog3nous (Hawthorn, Sloe, Avens, Bud 
Cheii\g Japanese Quince, etc ), though ((jften in alhed tonus) 
sonietimes liomoganious (Coininon Clieiiy, Groan, Diopwoit, 
etc) 01 piotaudioiis (Boses, Potentillas, Meadowsweet, etc) 
Self-pollmation is appaiently possible in all cases 

343, The Cow Parsnip oi Hogweed (Heuicleitm sjjJion- 
dylvuti) IS one of the commonebt, laigest, and most easily 
lecoguised of Biitish Unibellifeis It glows in moist fields 
and liedgeiows, often beside stieains, ancl in favouiable places 
leaches a height ot 5 oi even 6 feet 

The elect annual shoots aiise fiom a shoit thick ihizonie 
which is peieiimal, though lasting only a few yeais The 
stem IS hollow, fun owed, aud biauched a tew times in the 
upper pait The whole plant is moie or less lougli with 
slioit stiff haiis The leaves aie laige (often a foot long) 
and pinnate, with 3 , 5 , oi 7 laige bu'iad leaflets winch aie 
toothed and lobed, tlieie is a good deal of vaiiation in the 
numbei, size, and lobmg ot the leaflets The base of the 
leaf-stalk is bioad aud fonns a concave sheath 

The umbels aie compound (Fig SO), as lu most Umbelli- 
feis, and often measuie 4 oi 5 inches acioss Each has 
aliout 20 lavs (bianclies), each ending in an umbel In 
ma,iiy Umbcllitois theie are luacts lielow the whole compound 
unil)ol, fdining the mvolucio, and luacts below each of the 
small umbels, tonmug the luvolucel, but the Cow Paisnip 
eithei has none iii eitliei place oi else small ones Avhich soon 
fall olt The whole mHoiesceiice is flat-topped , when 3 oiiiig, 
it is protected b}" the sheathing base of the leaf- stalk 

The floweis (June to Septembei) have a,n inf ei 101 ovai}^ 
Clowned by a veiy iiaiiow 11111 (calyx) with 5 small lobes, 5 
white, cieaiu, 01 pinkish petals, each notched on the outei 
maigm, with a smill piocoss aiising f 10111 the notch and 
cuiving iiiwaidb, 5 stamens, alteinatiiig with the petals , and 
2 slioit stigmas, suiiounded bv a honey-disc on the loof of 
the ovaiy (Fig 135 ) The ovai y is 2 -cliaml)oied, with a single 
ovule haugiiig tioin the top ot each chambei The young 
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flowei-hiicl IS piotected by the x^etals, wliicb aie at fii^t 
ciiivecl mwaids When tlie flowei opens, by the outwaid 
ctiivmg of tlie petals, each stamen cuives outwaids and 
slaeds it^ pollen , latei, the stigmas sepaiate and spiead out, 
leadv to leceive pollen , finally, the staineiis bend luwaids 
again Thus, though the flowei is piotandious, self-polli- 
nation may occui as a last lesoit if the flowei has nut been 
pollinated while the stamens weie bent outwaids 

The flowei s are visited by insects of all hinds, the honey 
being fieely accessible to flies and beetles with shoit tongues 
The laige flat-topped mfloiesceiiceis veiy conspicuous, though 
the individual flowei s aie small, and the massed eflect is 
heightened by the fact that the outeiniost ftoveis — those 
aiound the edge of the whole infloiescence — Iiave then .3 
oiitei petals laigei than the 2 inner ones, and aie tlieieloie 
zygomoipbic (ct Candytuft and some otliei Ciucifeis) 




Fig ISO — Voitical Section iml Hci il Di igtain ot Fluwei of Cov Pusnip 

Aftei pollination, the petals and stamens diop oti, and the 
ovaiy develops into a flat diy iiuit, which eventually splits 
into 2 paits (meiicaips, le “divided fiiiits”), which aie 
suspended on the 2 blanches of a Y-shaped stalk {carj}oi)lio) 
le “fiuit-cariiei ”) Each half-fiuit shows 3 oi 5 veitical 
iidges and a thin membianous maigin In the space between 
eveiy two iidges theie is a daik maik which does not leach 
the base of tlie half-fiuit and is thickened at the lowei eml 
These nuiiks aie due to oil-coiitannng cavities in the wall of 
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the flint, each is called a vitta i^Fig 136) The iipe men- 
caips daugle on the slcuclei htalk-^ and aie leadily cletaohed 
and caiiiod away by wind Then flat foim, giving a laige 
sniface -withoiit muea^e of -^eiglit, iis an admnable adapta- 
tion foi wind dispel 'sal The seed is endospei inic, the enclo- 
fepeim being ha id and oily 



Fig 1 ji — SlIii ntuiiiit Hl,i iLleiiiii (Cow Pai Bull)) 


344 The Umbellifer Family (tlmbelliferae) is a fairly 
laige one, cliiefly found in the JSloith Teiiipeiate logion and 
well lepie-sentcd in Biitain Most Umbelhfeis can be lecog- 
nibed by the hollow stems, alteinale bheathmg pinnate leaves, 
compound umbels, and chaiacteiistic splitting fiuit In 
a few cases, e r/ Hydiocotyle, thcie is a simple umbel , lu 
Samcle theie is a cyuiosc gionpiiig of simple umbels, in 
Eiyngmm the floweis aie m a bead 

The geneialilowei stiur c the same thioiigh- 

oui the Oidei, and the I lassified chiefly on 

the stiuctuie of the fiuiL, so that except, in the case ot such 
leadily lecognised plants as Cow Paisnip, Hydiocotyle, 
Samcle, Eiyiigium, etc , it is nccessaiy to have ripe fiuits 
in oidei to identify an IJinhelhfei species m a “Ploia” 
The outei suiface of each lialf-fiuit usually has 5 piojectmg 
iidges, m some cases with seconrlary iidges, 4 to each half- 
fiuil, between the piimaiv ones It is impoitaiit also to 
note the appeal ance of tlie viitas, and the bieadth of the 
suiface of puictiou between the two half-fiuits 

345 Water Pennywort [Hi/tb otofi/le), a small cieeping plant in 
web places, has loinifl peltate lea\es and simple iimbeh of small 
giccinsh 01 pinkish white liis (May July) Wood Samcle [Sam- 
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cula) has loiig-sialkecl ‘^laclical” leaves with 5-lohecl palmate blade, 
elect fioweiing stems beaiing 011I3" a few 3 lohed lea^ es below the infi 
(iisuallj = 3 small tei innial heads of fli s and below these Inanche^ each 
beaiing 3 small headsl, IC-teeth neatly as laige as petals, stamens and 
stigmas long, fiiiits coveied with liouks foi animal dispeisal Sea 
Holly {K) yntfnim)^ on sandy shoie^, has spnij^ leaves coveied with 
bloom and globiilai heads ot blue flis Sampliire {Ci illinuun), on 
locks by the sea, has each leaf di\ided into stift thick fleshy lobes, 
and flat-topiied umbels of gieenish-yellow fits 
In all tbe othei Umbelliteih commonly found m Biitain, the leaves 
are pinnately dnided, often veiy much like fein leaA^es, and the 
umbels aio neail}^ cahiays comxiound 


QUE?5TI0NS on chapter XIII 

1 How does the Little Celandine hibernate, and at the same time 
multiply apait fiom secd-piodaction ’ 

2 Desciibe, with sketch, the appeal ance of a Little Celandine plant 
wlien its leaves fiist aiipeai {end ot Januai v 01 in Fehiuaiy) 

I Desciibe the flowei ot Little Celandine and compaie it with that 
of an oidinaiy Biitteiciq^ What pKjpcit^' has the Celandine flow'ci 
tli.it ifc. nut possessed by a Butteicup How ci, and m hy ? 

4 Deseiilie, fiom youi own obsei vatioris, the movements sliow'n b}' 
the floAvei and the flowet -stalk ot Little Celandine 

5 Name the tliieo commonest English species of Butteicup 
Desciibe aiij^ one of them as tiilly as possible, .ind point out exactly 
the chaiactcis in which the ulhei two ditlei horn it and fiom one 
anothci ITow do tlicy diflci as leg.iids the situations m •which blve}’’ 
iisuall}’' glow, and the time of yeai in winch they flowei most fieel^ ? 

6 Desciihe tlic adaptations ■wlncli the iloweis of Celandine, Buttei- 

ciips, and Watci Ciowtoot have foi scciuing pollm.ation Which ot 
these wnll be likely to icceno most insect visits, and Which 

w ill get fewest a isitois, and -wliy ^ 

7 Desciibe a Watei Cioivtoot and compaie it -iMth an 01 dinary 
Biittei cup 

S Desciibe the adaptations shown by a watoi plant, Aiilb floating 
loaves 01 submeiged lea\es 01 both kinds, to its mode of lite 

9 Why aie acpiatic Flow^ciing Plants bello^ed to ha\e descended 
fiom land plants ^ 



THE LOWER HICOTYLEDOHS 

24 Wiitc an account of the luiit& of Ciucifeiae, noting aii}'’ peculiai 
toinib 01 me thuds ot bced dispeisal, witli sketches 

25 Note any points of mteiest connected with the 

Shepheid’s Piu^e, Candy tuft, Haiiy Bitteiciess, Sea ‘ i' 

I)ame% Violet, (Jailic Miistaid, Voinal Whitlow -glass 

26 Desci ibe the tlowei of a Popp}’’ and its adaptations toi pollination 

27 Desci ihc the Homed Sea Poppy and the Cicatei Celandine In 
what habitats do these plants giow^, and how do they difici liuiii the 
Field Poppy 

28 De&ciibe the fiuits ot Poppy and Gieatei Celandinej pointing 
out the adaptations foi seed dispcisal 

29 Desci ibe caiefully the stiuetiue of a Rose flo’wei Why is the 
Dog Rose called a “ pollen-llowxi ” ’ 

30 Explain cleailj the diQeiences beWeen the piickles of Roses oi 
Biaiuljles and the spines of Ha-wthoin or bloo 

31 Desci ibe and compare, giving sketches, the fiiuts of Rose and 
Stia’wbeiiy 

32 Desci ibe the difieicnt kinds of leaves on a Stia^vheiiy plant In 
whatiespects does a ciiltnated btiawbeiiy diftei fiom the Wild fetiaw- 
beiiy ’ 

33 Conipaic, bv means ot a senes ot sketches w ith the paits laliellcd, 
thefiuitbut Clieii} , Biamble, btia-wbeiiy, Potcntilla, A\cn^, Agiiinony, 
Rose, Hawdliom, Rowan, and Apple Deal only witli fiiiits \uu have 
actually examined 

34 Mention the coniinonest species ot Potentilla, noting tlic dis- 
tiiictue chaiacteis of each, the iiioiitlis when each is most abundant in 
flo’wei, and the habitat in wdnch each occuis 

35 Gne diagiains with biief desci iptions, showing the \anation m 
the foim ot the ovai} and leccptacle in the liobatcae Gi\c examiiles 
of each case Name the chiei Biitiiali genoia ot tin's oidei 

36 Describe the infloiescence and flow’d of Cow Paisnip How’’ aic 
the flow’d s x^ollmated ’ 

37 Desciibe examples of Umbellifeis (two in each case) wdiicli grow’ 
{a) m woods, in hedgeiow’s, (c) beside sti earns, (tZ) at the seaside 

38 How do the following Umbellifeis diflei fioiii the lest ot tlie 
family ’—Wood baniclc, Watei Pemi}wvoit, bea Holly 
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THE HKillEE DICOTYLEDONS 

346. Ill the Primrose (Fnuuda vnlym is) note the thick 
stem -which glows m the soil beais ciow<led baseb ol loiiiier 
le.iveb, iogethei with nuineioiis loots, and stoies up leseive 



food, the pale gieeu leaver, aiiaiiged m a lObCtte at the 
oiowing end of the stem, each beiug 3 to 6 inches long, 
obovate, toothed, wiiiikled, with a bioad midiib, veiUb veiy 
piomiiient on the lowei side, which is haiiy 

The tloweib (Figs 137, 138), each caiiiecl on a hanj pinkish 
stalk, a^ipear to arise singly honi the stem, but close inspec- 
tion shows that theyieally form an umbel, since all the stalks 
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die joined at the ba^e to a shoit outgiowtli fiom the stem 
Note the biact un the hoivei- stalk , the inflated and five- 
angled calyx with five uaiiow pointed lobes> , the coiolLi, 
consisting of a tiibe and a flat bioad uppei poition, the liinh 
with five notched lobes The coiolla-lobes aie pale yellow, 
but lonud the month of the tube theie is an oiange-colonied 
ling with thickened folds j this iing is sometimes lepiesented 
by five patches (one to each lobe) daikei in coloui than the 
rest of the expanded limb The limb serves as a platfoim on 
which the iiisect-visitoi s (chiefiv bees) stand, and the oiange 
img acts as a honej"- guide, enabling the insect to leach the 
centie of the flowei more qnicklv and ceitainly 
Note the five stamens, which aie, m some flowei s, at the 
mouth of the tube, and can then be seen to stand opposite 
to the lobes, it is chaiacteiistic of 
the Prmiiose family (Piimiilaceae) 
to have the stamens equal m numbei 
to the coiolla-lobes and opposite to 
(not alternate with) the lobes Open 
up the coiolla-tube of a flowei ot 
this kind (“ thium-eyed ”) llie fila- 
nienis of the stamens aie veiy shoit 
and aie nisei ted neai the mouth of 
the tube, while the stigma is about 
lialf-way np the tube Note the 
stiiictpuie oi the ovai}^ it is one- 
chainbeied, and the nunieious ovules 
aie attached to a lod (placenta), 
which piojects fioin the flooi of tlie 
chamber upwaids but does not leach 
the loof, so that the ovaiy-wall may be lemoved leaving the 
ovules attached to the fiee cential placenta 
Now examine othei flowei s on (1) the same plant which 
beais the kind of flowei just desciibed, (2) othei plants 
Do you find that (1) all the flowei s on the fiist plant aie 
“ thiuin-eyed” (shoit-styled), (2) some plants have a difteieiit 
type of flowei in which the dicjma is at the mouth of the tube, 
while the stamens aie inseitecl half-way up — this is the ‘ pm- 
eyed ” 01 long -styled foim The two Icinds of flowei appeal 
to be always on distinct plants, and the plant a^ipaiently 
pioduces flowei s of the same kind yeai aftei yeai So that 





Tig 13s — Floi'il Dmgiaiii of 

Piiniiobo 
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tlieie aie evidently two varieties of Piiinrobe, difPeiing only in 
tlieielative lengtlis of stamens and style , in tlie two types 
the positioiib of antlieis and stigma aie simply leveised In 
winch case does self-pollmation seem to be possible oi likely 
to occin, and m winch does it appeal to be liindeied ? 

Cover floMGis of each kind w rth muslin, and find out whether selt- 
pollination docb occur in citliei kind With the niicioscope exaimiie 
the polleii-giains and tlic sbignia ot eacli kind of flouei, noting that 
the higher antlieis {t e those of '' i ^ produce larger 

pollen grams (almirt ^ inch diain of the long-styled 

flower {al)out yoVo diameter), the long st^le is globular and 

rough with ” ' iirs, while the short style is latliei llat- 

to2)ped and ^ short pro]eotions) Possibly the diifer- 

enee m laize ot the 2>ollen-giams ma\ he due to the fact that the 
laiget glams lia\e to send a longei tJolhui tube down the long style to 
leaoh the ovaiy Peiha^is also the loiigei stigmatic bans are ie([Uired 
to catch and hold the largei giain^,, winch uould tend to roll oft the 
neatly smooth stigma of the slioit st3lcd flower 

The fruit (cuj^sule) of PiimiO'^e opens b}'' five teeth (one 
opposite each sepal) at the top, each tooth being notched in 
the middle Thm, togethei witli the occasional production 
of “monstious” fioweis m winch the pistil is lepiesented by 
five leaves, alfoids evidence that the Pimirose pistil is made 
np of five caipels 


347. In the Cowslii? (P}n}iiila vois) the leaf-btalk is 
“winged” below the lilade, not foiiuing a baie midrib at 
the base of the blade as in Piimiose The fioweis aie 
earned up on a geneial stalk oi mfioiesceuce-axis and aie 
aiiauged in an umbel, each flower havmg a stalk of its own 
The coiolla is smallei than in Piiiniose, the tube is shoitei 
and its ‘ tin oat” is dilated below the month, which is moie 
funnel- shajied than in Plumose The oiange-colouied honey- 
guides aie veiy conspicuous, foimmg a jr^'^tcli op^iobite each 
of the five lobes The fioweis aie lieteioatyled, as in the 
Pi imrose 

348 Note on Pollination of Primrose and Cowslip — In 

both of thcBC phmLs lioiicj n luoduccd at the bottom of tire corolla 
tube, and the flown s are visited laigeb, weather, b}’’ bees, 

biitteifliLS, and moths, whose tongues ate long enough to reach the 
honey It lias been toimd exireiiment that, on the uliole, “legi- 
timate’ cross-^iollmatiun (tiauslerencc ot pollen from long 3 t 3 ded 
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flowei to stigma of Blioit-stylecl flowei, and vice va6a) yields bettei 
rosiilth (inure seeds geinuiititc and stiongei seedlings aie pioduced) 
than “illegihmiate ” " ” ' Uile both kinds of cioss 

pullinatioii tue Ijcttei Howevei, the manner in 

■which the poUinntiun ui Liic i'tinnohe acTiially occuis in natuu lias 
been ftn mniiyyuus the subjecb ut cunllicting statements by mu ions 
oljseiNois 

The tullownig cxtiaets fiom a pa^icr b}^ Ihufessoi Wcisb [Kite 
lOOd), based on obseivations made in tSluopsliiic dining 
the Kastci vaciibiou ol 1903, aie given not inoiely bccaubc the} aie ot 
mLeioflt, Init m the liupc that they nia^ induce "obsei veis in \auons 
paits ot the couiiln to lake ii[) the siil>j(.ct 

The chiof inserts seen Msiting the llowcis wcie species of slioit- 
trnigued bun owing-bees [Auditna], hn c-liecs {^lp 2 a), small liumblo- 
Ihs's {uiiilhojiJio) a)y laigo liuiuble-becH and a lly called Ijojil- 

b?jhii,\ (see Alt. 2bt>) “ (Jonsideiing the icgnlaiit^ ot the visits of 

liomhi/ZiH'i aiul the lelaLivd^ huge nunibci obseived lu leally iiiie 
wealliLi,! hcivc no doubt that tins insect is an active agent in the 
])nlliiiatrU)n ot the IT inn use It seenis adiiniably adapted to obtnin 
iiecl.iii iioni the depths of the tulmlai coiulla witli its long piobosciB, 
and it seemed at this time ot ^eai to cnnhno its attention to tlie 
JMiniiose Only on one occasion did I obscive c\ JJo/jihi/lius .sucking 
nedai Jioni the Celandine, wdiuli so laigely Msitcd h^ the hccs 

“ C)n ti\ c dillei ent occasions I have obseived Uomhu'y visiting l*i iin- 
roses, .iml gmeialh niRiifha maiiiiei as to cnsuie the prjllnnilion oL 
tliu How Lis 111 two cases, liowcvei, I iiutKod the humbk-liec not 
sinking at tlie flovvci, Init nnjviiig all ovci the coiulla, aj)[auenll 3 ' 
LMukav oui Jiig to obtain the linm^ 1)’^ ilkgitiniate means, ]ust as 
Dai win obsui v^ccl them at times bit ■ g I'l i b I" coiulla in the case 
ot the Cowslip, ot v\ Incli tliL;\ ,uc ’ _ \ i 1 ought to Ktate 

cleiuly Unit WHS a nioLc lu,^ ■■ i » othei lluwoih than 

the iTiiuiosc, and was moie ruininonlv hllii on the AVillovv, the 
Dandelion, the \''iolel, and the Ihiucii iStiavvliLii \ A snialki liumble- 
lico, howovei, 1 '' ' M • iuHb jdeulihil ni the distiict, wsis 

uioie utteii sea T , to winch it bcomed to conime its 

attention 'riicu ran lie no doiilil tli.it tins insect is both abh to 
gatlicL hrme^^ lioiii the Ihnniose Ilowei and also to cflect its ])olli 
nation 

“Hbie honcy-hee, A}h'< 'HiAIuhk, n]ipcaicd to lie less liauk than the 
himihle-hee oi JUimhi/hn^ toi it only g.itheicd liuncy on waini ihi^s 
and wuis nt)L obsei v'^ed at all uu sev eial days wdien 
and ' ' ' I ' re about The bees vmited chielly the Oelandiue, 

IhuL ' e Wood Aucinone, Violet, and Dandelion OccaHion- 

ally a stniy one would visit a miinbei ot Ibiiuioscs, but did nr>l Hpmd 
much time on each Tlu-^ woic evidently <* d "in 1.1 '-am the 
nectai, vihieli hovv^evci they weic unabk to t.i I I i n a little 

longci on tlie bIioi t.-stylod floweis, fiom vv b ■■ • „ a little 

Xiollen 'riioy wcie obviouslv not the icgiilar visitois ot the llowcis, 
although they could im doubt bung about ciosn lei tihsatioii of I he long- 
styled ioims. 
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platfoiin, m tlie lattei the lusect enteib the droopmo flowoi 
fioni below Wliy I'a the top of the coiolla naiiow and cup- 
lihe 111 Cowdip, instead of being bioail and flat as in Pi imiose ^ 

Wliy do Piimioses ii'^ualh giow ni wood-^ oi on slopes and 
banhs, wliile Cowslips glow mostb m open and level meadows, 
often among long glasses Does the possession of a long 
floweimg-a\is in Cowslip, caiiymg up the floweis in a tuft, 
as compaied witli the aiiangenient in Piiiniose, seem to be 
connected with the ditteient situations in which the two plants 
gi ow 

349, The Primrose Family {Fi'unuJaceae) is easily lecog- 
nised by the legulai floweis with stamens opposite io tlie 
Col olla-lobes and the one-chambeiod ovaiy with fiee eential 
placenta 

350p Flower Mechanisms in Priimilaceae. — Tlie polli- 
nation of Piimiose and Cowslip ha.s been dealt with The 
floweis aie nsiialiy homogainous and hoiieu‘d IletoiusUlefl 
dimoiplnc flu^NOis oclui in inan\ species of P/ f'thougli 
in P scoiica and vaiious gaideii Aiuiculas, etc , stamens and 
style aie of same length), also in Huttunia (Walei Yiolet), 
Yellow Loosestiife (Lif^unacliia onh/aub), and Glaue (Sea 
Milkwoit, vluch also has cleistogamic floyeis) In many 
cases, especially vlnn the flowei-tube is shallow oi open, Ihe 
floweis dioop so that pollen and honey aie piotected 

The floweis of Scailet Pimpei iicl open on In ight days, iisiially 
fiom about 9 to 3, closing at night and in bad weathei , if 
not cioss-pollmated (by flies, etc ) dm mg the waim horns of 
the day, the flowei is self-jioll mated at evening wlien il closes 
and the stigma is nibbed against the stamens The long- 
tubed foiins aie laigeb visited by bees .uni butteiflios, the 
honey is secieted by a img loimd the base oi the ovaiy 

351. Scorpioii-grass oi Forget-me-not (Mi/o^afi^), 
though not a good “typical” genus of the Boiage Oidei, is 
the most abundant and familiai to all Any of the species 
found wild, 01 cnltnated in gaulens, will seive as an example 
foi study, but in oidei to make oiii desciiptnni detiiufo we 
shall take 
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Scorpion-Grass ol True Forget-me-not (il/ paluUnb), m wet 
places, especially on edges of stieinis and pond'^, is peicninal, with 
cieeping iliizonie and iimiicis , eicct stems 1 2 feet, stout, leaies 1 3 
inches lung, bught gieen, iiis usually laige (S-12 mm diametei), 
blight blue Mith yollo’u centie , a veiy \anablc plant 


352. Tlie Boiage Fctniily (Boiagmcaceae) is lepieseuted m 
Biit-ain by eleven geneia, all of wliicli except (Vipei’s 

Bugloss) have legulai fiotveis, and is ea^-ily distinguished by 
the alternate simple leaves, the geneial coveimg of stiff haiis, 
the cmved one- sided mfloiesceiice, and the stnictine of ovaiy 
and fiiiit 


353. Flower Mecliaiiisiiis in Boraginaceae. — The luflo- 
lescence of this family is lathei difficult to explain, and it is 
pel haps enough to notice that the floweis in most cases all 
point 111 one diiection, either up wauls oi downwaids, which 
mci eases then conspicuoiisness to insects The lowei toims, 
with slioit coiolla-Uihe, eg MyosuiiSj aie visited h}” flies 
(chiefly hovel -flies), while the highei lilies aie adapted foi 
bees and hiiitei flies and show some inteieshng floial lue- 
chaiiisins The pollination of Myokutis has been dealt with 
Vipei’s Biiglosb {Ecliinm) has, on sepaiate plants, female 
floweis and peifect floweis, and is tlieiefoie teiiued gyno- 
diocciou ^ The pei feet flowoi s ai e pi otandi oiis The flowei s 

aie 2->iof.ectGd against lam by the loaves and by the zygo- 
11101 pliic coiolla, though tlieie aie no scales in the tin oat of 
the tube Aftei the stamens have shed then pollen they 
curve hachwaids and the style moves foiwaids so that the 
stigma stands wheie the stamens weie pioviously It is 
visited ehiefly by bees and hiittei flics 

The Boiagc {JBonifo) is a typical bee-flowei, and is laigely 
cultivated foi feeding l)ees Though the flowei (Fig 139 ) 
hangs downiwaids, the honey is pi evented Iioui chipping out 
by the scales which neaily close the coiolla-tuho The pollen 
collects within the conical chamhei foinied hy the antheis, 
at fiist the style lies inside tins chambei A bee hanging on 
to the flowei tliinsts its tongue between the bases of the 
stamens and liiiugs a sliowei of pollen on to its head Aflei 
the pollen has been shed, the style gi ows out of the anthei - 
cone and developcs its siagma 
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lu Comfrey (SymplnjtiLm) tlie mecluxnibin is some^liat 
siiuilai to that of Boiage, fov the floweis choop and the 
pollen IS shaken out of a cone foiniecl by the antheis and the 
sccile^s which alternate \nf\i them The bee gets at the honey 
by pokiug itb tongue lietween the scales and antheis, the 
scaleK'., with then haiiy edges, pi event small insects fiom 
enteiiug the fiowei 

Many othei plant-^ of this family have blue bee-floweis, 
eg AiuJiusii [A itidica is coiiimoiily giown in gaidens] , 
Lungwoit has heteiostyled floweis , [Heliotiope, with sweetly 
scented floweis, etc , aie also cultivated ] 

“Many species in the coiiise of llion individual develop- 
ment seem to lecapitulate to iis the evoluliun of then coloiiis 
— white, losv, Iduo in seveial species of Myosotis , yellow, 



Pi!^ 139 — Boiago {Uoiaifo oiru Voiticil Seotion of Flowoi 

bluish, Violet in M vo^imIoi , and i ed, violet, blue in PnJnio- 
natiu, ErJunni, etc Heie white and yellow seem to have 
been the piimitne coloiu^ , and, at least in many cases, violet 
and lihie seem to liave lieeii preceded by led — an assumption 
wliiuh Is stiengbhened l)v tlie fact that many Idiie and violet 
species (Myosolib, Anulutsa, Symphifl itui) give us wdiite and 
lose-ied vaiielies, appaiently by leveis to nioie piimitive 
chaiacteift ’’ (Miillei ) 

354. White Dead-nettle (Lamiunt album) is common on 
loadsides, eapecially neai house^s, fainis, and lefuse lieaps It 
IS a lathei ban y plant, with a perennial cieepmg ihizome, winch 
gives oif (Ij Inauehes which giowhoiizoiitally in the soil, (2) 
Inauches winch soon turn upwaids and come above giound, 
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The stems aie squaieand hollow , the leaves aiise fionithe 
fiat bideh of the ^teiii in cio^sed paiib, those on the ninlei- 
tnoimd paits heing small white soales The aeiial shoots are 
looted and blanched at the liase, and 
then glow eiect (6 to 18 inches high) 
The leaves aie all stalked and heait- 
shaped, the lowei ones having longei 
sIliUcs and hioadei blades than the 
nppei ones (whv is this advantageous 
to a plant whose leaves aie in supei- 
po-^ed lo-ws 

Tlieflowois, piodiieed neail}" all the 
year round, Init chiefly in siimniei, aie 
m iiug-like chi'rjtcrs loimd the stem just above a pan oi leaves, 
on the nppci pai t of the shoot 

Exainmo seveial cliisteis and note tli at each consists of two 
gi Clips oi flowTU’s, one gioiip in the axil of each loaf , also that 
the ceiilial flowei of each gioiip is the oldest (the hist to 
open), the next oldest being at eithei side of it, and so on 


Pig 140 — Di igi im miliL.itinf. 

tlio iclilmii (it Pluwuth It 
ll l 11 ol l Llustt-l (“ \ LI tlL.ll 
Jil-itul ’ ) 



Fig in — iJi III luLtli, rilinwiiig Iwu OIuhIl'Ih lit Flnwoiri 


Each gioiip IS a bqiaioiis <.yiiie ■which lietoines uiiipaions 
aitei the (list Inaiielmig This is oliseuu'd l)y the (act that 
the Ilowois me ]nacticaUy sessile, liut, it. eau bo made out in 
Labiates wdiose flowei s liiive (list met stiilks, e (( Calamnit, 
Black IFoiehoniKl Ihg 140 is a diagi.ini oi* a cyme (hdli- 
ehibtci) , the iiuun axis ( 1 ) ends m a llowci .Liid gives use to 
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two lateiiil axes (2), each of ’which ends m a flower and then 
i^iYes rise to a single (3), and so on How many floweis 
aie theie in each “ iing” ^ How do the nppei “ iings diitei 
fiom the iowei ones as to numbei of floweis ^ 

In a flowei (Fig 141) note the almost regulai calyx and 
the vei y ii i egnlar (z^'-gonioi phio) coi olla The t unuel-shaped 
calyx-tube liab 5 iieaily e<pial teeth, naiiow and tapeiiug, 
lougei than the tube itselt , it peisi^ts aiound the fiuit The 
coi olla- tube is cuived, its lowest pait is cylindrical, but 



Tjg 1 12 —Sectional Elevation of FJowei of White Dead nettlo 


highei up it IS dilated and also flattened fiom side to side, 
while its month has an aiched upper lip, two side-lobes, and 
a notched lowei lip which bjneads out It is obvious that one 
o± the calyx-teeth (sepals) is at the top oi bach of the flowei, 
and since the 5 petals alternate with the 5 sepals, the lowei 
coioUa-lip lepiesents a single petal, wdiile the iippei hp, 
though not divided, lepiesents the two upper petals (some 
Labiates show this cleaily) 
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The foul staineiis have long filaments afcUched io the 
coiolla.-tuhe, -while the autheib lie luulei the hood'like ii[»pei 
lip The two lowei (aiiteiioi) stamens ciob'^ the iippei pan, 
so that then autheis lie liehmd ami above them Note the 
haiiv autheis, each with two lobes> which, msteaci of Ijmg &ide 
by side, aie sepaiated (owiuy to giowdh of the couiiectne) 
and lie lu a stiaight hue one above the othei Note the lung 
style which luusiip the bach of the coiolla- tube and is divided 
at the top mto two fine stigmatic lobes 

Pull otf (1) the coiolla of a flowei, (2) a whole flowei, and 
caiefully slit open the uoiolla-tube Note the img of bans 
neai the liottoiu of the coiolla tube , the constiictiou of the 
tube just below this iiiig , the loui dobed ovaiy with flat 
upper siiiface , the style aiising hoiii between the foui lubes, 
Avhich aie sepaiated fioiii eauh othei by deep giooves, the 
iiiigdihe iiectaiy aioiind the base of the ovaiy, bettei de- 
veloped on the lowei than on the uppei side (Pig 142) The 
ovaiy consists of two carpels, uppei and lowei, but eaily m 
its development the ovaiy divides into fom paits , each 
chamber contains a single ovule 

The uppei lip of the coiolla 
toHiis a piotectiiig hood oiei the 
autheis and bt}le (why is this ad- 
vantageou'^ P), the lowei lip a plat- 
form foi the liumbledjeeb which aie 
the chief visitoi s to the flowei s The 
ling of haus iiibide the coiolla-tube 
above the ovaiy stops small in- 
sects fiom Cl aw ling down to the 
uectaiy, besides keeping laiii fioni 
tiickhiig down and spoiling the 
honey The flowei is humogainuus, 
and capable of self-pollination, but 
the fuiked style- tip hangs down and 
touches the bee’s back befoie the 
autheis do, so that cioss-pollinatioix 
occuis regulaily 
The coiolla (with the epipetalous stamens) and the style 
fall ott very soon aftei pollination has taken place, and 
the foui ovaiy-chaiLibeis grow into smooth black akeiies 
(^‘nutlets”) with hnid coats, each nutlet is tliiee-sided 



Tig 143 — rioial Dhigiaui of 
Ija-bidtae 
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and flat-tox^ped Ab they iipen they become loose and 
fall out oi the peisistent calyx-tube, oi aie bhalcen out by 
the wind 

355 Red Dead-nettle {Lamimii ]}ar}m) emi) is fai more 
abundant and -wndely dibtiibuted than the Wliite, often occui- 
img in extensive patches m cultnated soil (fields, gaidens) as 
well as on waste giound It is a suiallei x^hi'U.t and is annual, 
tloweimg thioiighont the yeai (chiefly fioni Maich to October), 
and may pass tliiough seveial generations m a single yeai 
Its leaves aie bioadei in pioxioition to their length, with a 
nioie heait-shaped blade, and aie inoie ciowded towaids the 
top of the stem The nppei leaves are often densely coveied 
with silky hails, and have a piiiplish-ied coloiu 

In open places the ^fiant is branched at the base, giving it 
a spieadmg habit, laiely over 6 inches high, and the whole 
Xfiant (stem, leaves, floweis) is deeply colouied When glow- 
ing among lank and crowded vegetation the jilant is less 
blanched and tallei, "with dull-gieen leaves and stems In 
hedgerows the plant is “ diawii” uxi to a height of 18 inches 
01 moie, the stem having long intei nodes, and having neaily 
all the leaves at the top 

The floweis aie smallei tlian those of L album, but similar 
in stiuctuie The coiolla is about inch long, so that 
shoit-tongued bees, and even flies, can leach the honey and 
effect cross-x)olliuatioii , tlie tube is not constiicted below the 
ring of hails, which is often jiooily developed, and the tin oat 
of the tube is veiy wide fioin back to fiont 

Tv'o othei Blit species of Dead-nettle aie faiily coniinon L 
qidtohOolon (Yellow Ai change!), x>eiennial, in voocL and shaded 
liedgeiows, apart tiom being a sliade-loviiig plant and having yellow 
floweis (Axnil-Jmie), lesembles L album in habit and stiiictiue Its 
leaves are lelabnely longei and naiiovei, the calj^x has shoit teetli, 
the lowei lip ot the coiolla has led or blown spots (making the fli more 
conspiGuons to bees), and the antheis aie hairless 

Hen-hit Dead-nettle {L amijUxitaulc), annual, m vaste places 
and cultd licld=!, is like L jmi pin earn in general habit, but its leaves 
aio gen distinctly lobcd, and the uppei ones aie stalkless and clasp the 
stem , itiaiely grows in such ciowded imtclies, and floweis ficely horn 
Apiil to Oct , the palo-iosc flis vaiying in size , m spiing and autumn 
small flis aie x^roduccd which ha\easmall impel feet coiolla and do 
not open but aio self-pollinated (cleistogamic flis ), the oidinary flis 
being pollinated by bees 
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356. Tlie Dead-nettle Family (Lahialat’) is one oi tlie 
most easily lecogmsed, all the Labiates having scxiiaie steius, 
simjiie decussate leaves without stipules, coiolla geueially 
two-lipped with no cleai indication ot the sepaiate petals, 
stamens geiieially m two pans owing to suppiession ot the 
uppei one (sometimes only two stamens piesent), ovaiy of 
2 caipcls, but with foui one-seeded chambeis 

By the ovaiy and timt (foui akenes) LabiatOvS aie dis- 
tmguisbed fioin those plants of the Poxglove Paniilv which 
have sr^uaie stems, decussate leaves, and bilabiate howeis 
with two pails of stamens By the decussate lea\es, bilabiate 
ooiulla, and the pieseiice ot foui stamens Labiates aie dis- 
tinguished fiom the Boiage Faniih, m vliich the ovai} and 
hmt aie siimlai m stiuctiue 

357, Flower Mechanisms in Labiatae. — In most 
Labiates the flowei is piotandioiis, and in many cases the 
stamens move oiitwaids oi downwauls (well seen in Wood 
SageJ attei the autheis have opened, when the stjle moves 
into then place and the stigmas spiead apait to leceive 
pollen When the fiu\^ei is hoiuogamous, the style piojects 
below the autheis so as to be touched hist by the visiting 
insect In the shoit-tubod tlo\^els oi Mint, (J-ipsvvoit, 
Thyme, and Maijoiain, with moie oi less legulai coiolla and 
spieading stamens, all soits ot insects ciawl o^ei tlie dowels 
and touch the antlieis and stigmas vith any pait (d‘ then 
bodies 

Most BiUisli Labiates, howevei, aie definitely “bee- 
fioweis” and have a conspicuous lowei coiolla-lip to attiact 
insects and to act as a landing-place, and usually an aiched 
uppei -lip to sheltei the stamens and stylo, whnh aie genei- 
ally j^laced so tis to touch the bee's liack lls it enteis the 
fiowei 

In Sage (Salvm) the two stamens (the otliei ptiii is lepie- 
sented by small stamniodes) have a peeiiliai stiuctiue , they 
aie X-sliciped, the filament being shoit and ]oiiite<l to the 
long conuective In the lowei t^ies ul Sulna each end ol 
the connective bcais a halt-anlhei, but in the liighei t>pes 
(eg Gfaideii Sage, which should be examined) the lowei end 
of the connectne is baiien and llattened and the oiilei 
(uppei) pait of the connective is loiigei than the luuei (louei) 
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pait, tlie whole foiming a delicate level A bee on enteiiug 
the flowei (Fig 144) pushes against the nnitecl lower ends of 
the two connectives, in poking for the honey, and causes the 
cnived connectives to swing on the filaments as on hinges, 
so that the tAvo feitile anther-lobes (a) come down and stiike 
the bee’s back, dusting it with pollen As the bee letiies, the 
stamens letuin to then ioiniei place nndei the coioUa-hood 



In an oldei flowei the stjde bends down and the stigma is 
touched fiist by a bee onteiing the flowei 

[The lono-tiibed led flowei s of Moaaula aie laigely visited 
by biitteiflies, and some tiopical species of Salvia aie 
pollinated by humming-birds ] 

Cross -pollination is piomoted by the occuiience, often on 
difteient plants, of pistillate flowei s besides the oidmaiy 
flowei s, as in Thyme, Gfiound Ivy, Coin Mint, Self-heal 

358. Foxglove (Digitalis ea), the most familiar 

and most conspicuous Biitish plant of this family, is 
abundant in sandy oi locky soils in open places oi the edges 
and less shade<l paits of woods It is usually biennial, 
foiming m its fiist yeai a losette oi bioad-stalked “ladical” 
leaves with piomiiient veins and wiinkled siuface, 6 to 
12 ms long , in the second yem the stem glows up to foim a 
flowei mg shoot, 1 to 5 ft high, with spaced-out leaves 
giadually becoming smallei and sessile In sheltered places 
especially the plant becomes peiennial, as do also the garden 
vaiieties 
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The plant may send up branches when the flowers of the 
mam shoot aie neaily ovei, or in cases where the mam stem 
has been damaged, these blanches aie quichly foinied if the 
mam stem is cut off eifchei neai the base oi below the 
flowei s 

Note the aiiangement of the flowei s in a long laceme, with 
a small leaf (biact) below each flowei The young flowei is 
elect, but befoie opening it begins to dioop owing to the 
bending downwaids of the sliuit stalk The flowei s are 
aiianged spiially on the stem Do they spiead out m all 
diiections when open^ If not, how aie they bi ought into 
then final position, and why i Note the calvx, deeply cleft 
into five lobes, the nppeiinost naiiowei than the otheis 



Sketch (1) a complete flowei m side view, (2) the paits 
seen on looking into the mouth of the coiolla, (3) the isolated 
coiolla (pulled away fiom flowei) in side view, (4) isolated 
coiolla slit open along the middle line above, (5) the pistil 
and nectaiy, with calyx lemoved, (6) a section of the entiie 
flowei (Fig 145) Note the peculiar foim of the coiolla 
why IS the tube dilated at the base, then nan owed, then 
Widened out^ Why is the mouth of the coiolla longei 
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below tliau above Note tbe two lobes of tbe upx^er lip 
(—2 petals) aad the le^s distmct lobmg of the longei lower 
hp (=r 3 petals) 

If you watch humble-bees viisitiug 
the flowei, you should be able to 
answer the following questions 
What aie the uses of (1) the dioup- 
ing position of the flowei, (2) the 
cuiious “eye-spotb” on the coiolla, 

(3) the hairs inside the coiolla? 

Examine flowei & of ditfeient ages , 
the antheis of the uppei pan of 
stamens shed then pollen befoie 
those of the lowei pan, then the 
stigma-lobes separate and aie leady 
to leceive pollen, how does this 
sequence of events piomote cioss- 
pollination ? Note how the two 
anthei -lobes diveige when the anthei iipens Cut acioss the 
ovaiy and note the two chambeis, -with numeious ovules on 
the axile placenta, which lesembles a dumb-bell in cioss- 
section (Fig 146) 

The egg-shaped capsule opens by sphttmg on each side , 
the paitition splits into two laveis, and at the same time 
sepal ates fiom the placenta, so that the two valves aiefoiined 
and the numeious small seeds aie left on the placenta and 
aie giadually shaken oft when the wind locks the plant 
(censei -mechanism) Note that the upjiei valve of the cap- 
sule splits down the middle, sketch the iipe capsule befoie 
and attei opening 

359. Speedwell (Veronica) — There aie 16 Biitish species 
of Ye)omca, of which 10 aie common and widely distnbuted 
In ceitain respects they all agiee the leaves, oi only the 
uppei ones, are opposite, the flowei s small and blue, with 
4-lobed calyx and coiulla, the coiolla-tube being veiy shoit 
and the lobes flat, stamens 2, pi ejecting fiom the coiolla 
along With the style which ends in a small stigma 

Germander Speedwell oi “Biid’s-eye” (V cliamaech ys) , 
one of the commonest species and eailiest to flowei (Apiil to 
Septembei, but chiefly in May and June), has lathei laige 


i9 



Fig 1 iL) — Floi il Dugiaiu of 
ro\glo'\e 
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floweiri in acioss) and will seive as a type It ib peiennial 
and lias slendei blanches, 8 to 24 ms long, piostiate at the 
base but soon becoming eiect 

ISTote the two opposite lines of haiis on the stem (cf Chick- 
weed) , the opposite leaves, sessile oi neaily so, i to ins 
long, coidate (heait- shaped;, with deeply toothed niaigin 
and wimlded liaiiy siiiface 

The floweis aie in lacemes, each of which aiises in the axil 
of one of the uppei leaves, and is earned well Mp on a slender 
axis, the laceme -with its stalk is 2 to 6 ms long Each 
flow^ei aiises in the axil of a naiiow pointed biact, these 
aie aiiauged spiially on the laceuie axis, not in ciossed pans 
hke the foliage-leaves 

ISTote the calyx, deeply divided into foiii naiiow gieen 
pointed lobes The shoit flowei- stalk is slightly cnived, so 
that the flat spieadmg lobes of the coiolla he in a veitical 
plane , what advantage do you see in this ^ The plant com- 
monly glows on hedgebanks, in which case the floweis all 
tend to face oiitwaids (why^), when in open places, the 
fiow^eis face in difteient diiections all lound ISTote the foiii 
lobes spieadmg fiom the shoit tube of the l)iight-blue 
coiolla , the two bide lobes, w^hicli he behind (below) the 
upper lobes, aie similai in size and shape — the nppei lobe is 
the laigest, the lowei lobe is the nai lowest 

Note the wdiite inn (hone) -guide) at the mouth of the 
coiolla-tube and the haiis which piotect and paitly conceal 
the honey, secieted liy a iing-like nectaiy lound the base of 
the ovaiy 

The position of the lobes of the calyx and coiolla suggests 
that the uppeimobt (posteiioi) sepal of the calyx is missing, 
and that the uppei petal lepiesents the two uppei petals 
usually found in this family , occasionally one finds Speed- 
well floweis with five sepals and five petals The two stamens 
piesent belong to the upper pan , each is luseited on the 
coioila-tube lietween the uppei petal and one of the side 
petals The ovaiy is two-celled, each cell having numeious 
ovules on an axile placenta, and is bioadei than long (flat- 
tened f 10111 side to side), coveied with bans, and notched at 
the top, the style aiismg fiom the notch 

The floweis aie laigely visited by hovei flies (Ait 292), and 
appeal to be specially adapted foi cioss-pollmation by these 



358 


THE HIGHER DICOTYLEDONS 


and tlie flowei is piotected aoamst lam by tlie liood-like 
uppei coiolla-li^D In Toaclilax and Snapdiagon, liowevei, 
the flowei s stand eiect, instead of being lioiizontal oi pen- 
dulous, and the coiolla- mouth is closed by tbe bulge oi 
“ palate ” of the lowei hp, so that it can only be opened by a 
heavy and stiong insect , tliese floweis aie visited by liuinble- 
bees, ■which often bite holes at the bulging base of the 
coiolla-tube in Snapdiagon In the Musk oi Monkey-flowei 
(Mimuhts) notice the cuiioiis stigma, with two flat lobes 
what happens if the stigma is touched on the innei suiface, 
and how will this help as legauls pollination ^ 

Figwoit (Sciujjltulanct), which is laigely visited by wasps, 
IS ]ji otocjynoiLs In the newly opened flower (Fig. 147) the 
style lies m the mouth of the coiolla above the lower hp, but 
the antlieis are still closed and hidden in the coiolla- tube, 
the filaments being cuived, next day, oi a little latei, the 
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a, Flo\\oi vUen fiiat openal , 1), Longitmlin.il ‘iuctiuii of hiino, c, PIowli (laj oi two 
Intel In e tlio '.tylo iind Htiguia aio now witlieiing, while the auMieiis aie ovijoaed 
and about to open 


style witheis and falls on the front of the coiolla, the visiting 
insect rubs the stigma and antheis with its undei side in this 
case The female stage is now ovei, and, unless cioss- 
]3ollination has occuiied, no seeds aie foinied Then the 
lilanients iinhend, hiinging the antheis up to the position 
foimeily occupied by the stigma, and a hee piobing for the 
honey at the base of the coiolla-tuhe is dusted with pollen, 
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Plant tubeis in tlie garden or in pots, some in moist saw- 
dust, some in moist soil , some in watei, some in damp an in 
coveied vessels , some witli tlie bud end upwaids, some witli 
tbis end downwaids , some cut in two, sepaiating bud end 
fiom stalls end, some cut into seveial pieces witb an eye oi 
without an eye Aftei a week oi two, when the buds begin 
to spiout, it -J^l be easy to tell the bud end fiom the stalk 
end Will the buds spiout if a tuber is kept m daikness ^ 
Do all the specimens gain in weight Which do not In 
the case of specimens that gain m weight, where does the 



Fig 14S — CellH of Potito, Miouing Stiicli Gi nnt), gioitlj inaguillLil 


extra mateiial come from P In the case of specimens giown 
m daikness, at what stage do they die In what othei 
lespects do specimens giovni in daikness differ fiom those 
giown 111 the lights Why do tubeis with spi outing buds 
turn softP Chop up some spiouted tubeis, shalce up the 
pieces m watei, then filtei, and test the filtiate foi ( 1 ) 
staich, ( 2 ) sugar 

In examining plants giown fiom tubeis, note that the new 
tubeis are simply the swollen ends of biancheb, which can be 
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■witli veiy slioifc stfilks and long yellow autheib, wliicli taper 
and aie -joined above and open by poies at the top , the two- 
chambeied ovaiv witli iiunieroiits ovules, slendei htyle, blunt 
stigma Tlieie is no liuney, but the floweis, by then colouied 
01 white coiolla, attiact vaviou'^ kinds of iiisectb, which come 
foi pollen ISfote the dioopmg of the floweis do you see 
how this IS advantageous in piotectmg the pollen fioiii lam 
and m spi inkling the pollen ovei the bodies of lUbect- 
visitois ^ 

, PORES 


COROLLA 
CALYX 

Tig 149 — Longitudinal Soctiou ind rioial Dngiam of Flouei of Potito 


# 





Examine fiuits of different ages Does the fuut change 
m coloni as it iipens ^ What othei pait of the flowei 
remains aftei the fiuit has foinied'^ Cut acioss the fiuit 
and note its striictuie It is a tine beny, foi the whole of 
the ovaiy-wall becomes ]aicy except tlie oiitei skin, the 
only liaid pari.s aie the seed-coats 

363, Bittersweet Nightshade {Solaumi dulcLuna)Ci) is 
a woody peiennial plant, foiniiiii* a bush which usually 
sti aggies or climbs ovei other plants, especially in moist 
01 shaded places It is often many feet long, but it dies far 
back m winter 

The twigs aie yellowish-giey in colom andbeai conspicuous 
lenticels The lestmg-buds have no special bud-scales , only 
two 01 tbiee of the young leaves aie visible fiom the outside 
The iind (coitex) is hittei, the wood sweet The leaves aie 
stalked, the leaf -blade Ubually entiie and egg -like oi heait- 
like in onthne, with a pointed tip, hut the shape vanes a 
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those of Bora^^e, wlnle those of some foieign geneia (eg 
SchimntJms) have piactically a “ Papilionaceous ” mechanism, 
in some easels exploding (as ni Goise, etc ) when a bee alights 
on the lowei coiolla hp 



the mo si, familiai lepiesentative of its family in Biitam Its 
stems iwme loiiinl those of othei plants in hedgeiow^a and 
woods, ii,s leaves aie in pans, and aie ovate with eutiie oi 
soiuetiines slightly lobed maigin and a downy undei side 
The leafc'biuls open eaily in spiiug, 
# the iloweis appeal in May and aie 

usually at, the ends of the blanches, 
in lounded clusieis The clustei le- 
sembles a Comjiosite fiowei-head, 
but IS cymose, the cential flowers 
lienig the flij^t to open Below the 
clustei tlieio aie some small hi acts 
The flowei (Figs 150, 151) has a 
sma-11 lounded mteiioi ovaiy (thiee- 
clnimbeied, with seveial ovules in 
eacli), crowned by the slioit calyx, 

IMB ir,i -I I<m.i nmB.Hu, of ]ias five small teeth The 

UoTiti:jHuckio coiolla, about 4 ems long, has a 

iiaiiow tube, and its mouth is two- 
lippod, the lowei bp (consist, in g of the lowest petal) being 
st,iaxi- shaped and the uppei bioad and foui -lobed, it is 
reddish and coveiod with bans outside, but yellow withm 




THE HIGHER DICOTYLEDONS 


365 


The five stamens have faiily long filaments, inseifced on the 
coiolla-tuhe, and long nairow antheis, each attached at the 
middle to the filaments, ^ e the antheis aie veisatile The 
stamens leach just beyond the mouth of the tube, but the 
style IS longei and ends m a spheiical stigma 

The floweis aie specially adapted toi polhuation by moths 
with long tongue's, e cj the hawk-moths Each lemains open 
and in a state of leadmess foi pollination foi two days 
Duiing the fiist day the antheis split so as to be ready to 
shed the pollen, then the flowei moves into the hoiizontal 
position, and towaids evening the coiolla, whose tube is now 
about half filled with honey, opens and the style, piojecting 
beyond the antheis, is at fiist bent downwaids, so that an 
enteiing moth mbs against the antheis If the evening is 
waim and calm so many moths may visit the flowei, atti acted 
by its whiteness and heavy peifume, that the whole of the 
pollen may be leinoved Next day, the style moves up so as 
to become hoiizontal, the witheied stamens bend down, and 
by evening the flowei, which has become yellow, is m its 
female stage, so that an enteiing moth mbs against the 
stigma and bungs pollen fiom anothei flowei 

If the fiist evening has been windy, wet, or cool, so that 
no moths have come, the flowei may be visited next day by 
bees and fhes which caiiy away pollen though they cannot 
each the honey, and on visiting youngei floweis may bung 
about cioss-pollmation 

The fiiut is a led beiiy, containing a few seeds or only one 

367. The Honeysuckle 3E*anuly (Capnfoliaceae) is a 

small one, consisting o£ 11 geneia of shiiibs and tiees, with 
the exception of the Moschatel, which is now usually set ay)ait 
in a special family by itself All have decussate leaves, flowei s 
in cymes, flowei -paits in fives (except the pistil in most 
cases), ovaiy infeiioi, fmit usually a beiiy oi diupe, seed 
endospeimic 

368 Flower Meclianisms in Capnfoliaceae. — Tins 
small family shows some inteiesting mechanisms, that of 
Honeysuckle, alieady dealt with, being the most lemaikable 
The floweis of Eldei and the Vibiiinums have a shoit 
coiolla-tube and aie visited by flies as well as bees These 
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lloworb iiie made conspieuoub Ly being inasbed in moie oi* less 
dat-topped inlloiescences The scented fioweis of Eldei have 
no hoiiev, but aic visited mainly by flies and beetles for 
honey, though the ant.hois open on then outei sides, self- 
polliiitition IS ])Ossiblo since the anthers and stigmas aie leady 
at th(‘ same tmio Wayiaimg Tiee and Griieldei Eose also 
have lioiuogamous floweis, but they pioduce honey, accessible 
to flies and beetles Tlie iiifloiescence of Clueldei Eose is 
made conspicuous by the laioe coiollas o± the steiile outei 
llowei s I ihei villa, having a lanlv long coiolla-tube, is isited 
l)y l)ei‘s iind butteilhes loi the abundant honey ] 

[fl'h(‘ iloweih of Siiowberiy aie visited chiefly by wasps, 
iilu' hiiiis inside the coiolLi ])ievent the honey fiom lunning 
out of tlu‘ (hooping flowoi, and the wasp, being shoit-tonguecf, 
has to till list ii,s whole head into the flower, touching the 
stigiuti and the antlims and caiiymg away pollen as it with- 
diaws its hoiU‘y- covered head ] 

Tlu' Moschat(‘l, though its floweis aie small and incon- 
S[)icuous, IS pollinated by flies, winch aie attiacted by the 
musky smell. 

369. Dandelion {Taiavin mn do)i<^-leotnb) one of the 
(‘ommoiiesl. and nu>s(, i.uuilun of pLiuts li, m apt to be 
coni used wiih iltiwkwoeds and oihei allied plants of the 
HaiiKi lainily, but is distinguished by the lobmg of its leaves, 
and by ils sohiary lieafl ol JIowois ln'jug eaiiiefl on a soft 
hollow slallv which aiisi's lioiii the ceiiiao of Lho leaf-ioselLe 
JO\a.muie*ind compaio ])lants gi owing in dilteient sii.uaUons, 
0(1 in i^\])oM‘d and in shelleied ])laces, among shoiL glass on 
a lawn, among longei grass m meadows, neglected huvnis, oi 
g<Lidi‘U lioidois, in ]ia,id oi giavclly soil and in soft damp 
soil hloi.e that the leavers liavo a slioug tendency to spiead 
out 111 a ios(dh» and ]ni‘ss ihemsidves to the soil (what happens 
if you eandiilly dig u]) .i])l.int giowiiig at the bottom of awall 
.Liid pul. il. into l(*v(d soil bill, that. a,moug long glass the 
l(Mvi*s glow up in .b msLily veitic.i .1 ])osit,ioii 

Noll* th(‘ jiecub.ii louii ol the leaves, which vaiy m the 
i*\t,tMit ol iht^ lobiiig and the sh.i])0 ol the lobes Why is the 
possession of IoIhmI hsivis an iidvantago to a shoit-stcmmed 
ios<‘i 1 e-l()i niiiig plant Note liow the lobes oi the dilleient 
leaves lit togetliei with veiy little ovoilappmg hTote also 
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how lain- water falling on the leaves inns down the iiiidiib to 
the taji-ioot, in which is stoied the food that enables the 
plant to live from yeai to yeai The Dandelion is leally an 
eveigieen plant, since it is never without leaves 

In a dug-np plant note the long tap-i oot, which is nsuall}’' 
blackish outside and white inside, cut acioss the loot of a 
plant and note that soon a healing-tissue (‘ callus ”) founs 
ovei the cut suiface, fiom which aiisenew shoots It is not 
easy to tell, by inspection, wheie loot ends and stein begins , 
the stem lemams veiy slioit, coveied by the leaf-bases, and 
each yeai it pioduces a bud foi the shoot’s fuithei giowth, 
while the loot contiacts (as m so many othei giound- 
huggmg ” plants, eg plants with lunners, rosette-forming 
shoit steins, undeigiound stems, bulbs, conns, or thick food- 
stoiing tap-roots) and diaws the stem down so that it never 
comes above the soil What do you suppose is the use of 
the bitter ]uice contained in the Dandelion tap-ioot along 
with the leseive-food P 

The floweis, which appear in eaily sumiiiei but may be 
found (m south England and in slielteied places else wheie) all 
the year loand, aie in solitary heads, each head on a long oi 
shoit stalk The stalk is smooth and hollow, when cut it 
gives milky bitter ]uice (also found in other paits of the 
plant) which turns brown on evposuie to the an hTote the 
nuineious (100 to 300) small floweib ciowded on the flat 
expanded ciiculai top of the floweimg stem, each flowei 
being inseited in a small pit Wlieie aie the youngest 
flowers — at the centie oi at the outside of the disc^ By 
conipanng heads of difteient ages you will find that the 
floweis open successively fiom outside to centie, so that the 
head lesembles an umbel (e g Cowslip, Ivy) in which the 
floweis have no stalks (oi veiy short ones) and aie seated on 
the disc-like end of the flowei ing axis Hote the double 
ciicle (imohicie) of naiiow gieen leaves (hiacis) aioiind the 
head 

How do the oiitei biacts diftei fiom the inner ones in 
form, position, and function P Does either senes appeal 
to peifoini any function besides that of protecting the very 
young flowei -head befoie any of the floweis open oi the 
flowei mg axis glows up*-^ Why does the innei senes lemain 
erect, tliougli the outei biacts bend downwards ^ 
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Ih an open flowei (Fig 152) note the nanow stiap-like 
outgrowth fiom the outei side of the mouth of the coiolla- 
tube How many teeth aie theie at the top of the stiap 
How examme the'flowei caiefully with youi leub Note the 
slender style, divided at the top into two cuiled blanches 
(stigmatiG arms), each about 2 mm (-J- inch) long, with 
shoit haiis (in about 12 rows) on the innei (stigmatic) 
surface, note the long haiis on the style a little below the 
point of blanching Slit down the coiolla-tube and tiace 
the style down to the bottom of the tube, on itb wav 

down, the stjde passes tliiough 
a tube about ^ inch long , liolding 
the top ot tlie style, pull it out 
of this naiiow tube 

What IS tins tube aioimd the 
style ^ Can you see five slender 
tihieads ]ommg the lower edge of 
this tube to the mnei suiface of 
the coiolla-tube ^ If so, you 
should be able to see that the tube 
consists of the five antheis loined 
togetliei by then sides , then out- 
lines can, how^evei, be seen on 
caietul inspection 

What IS the s\vell]ug below the 
base of the coiolla-tube Note 
the haiis winch Coim a circle 3Ust 
above this swelling Can you see 
a slendei neck-ldce pail, between 
the swelling (ovaiy) and the img 
of hails lepiesentmg the 

calyx) Can you see the small 
Fig 152— Flow 01 of Dnuduiion, iincr_iiij-e cusliioii (ucctaiy) at the 

loAvei mifc (coiollii tuljo auu t j i n 

ovaiy) out open bottom 01 tlio coiolla-tube, aiouiid 

the kbse of tlie style It you 
cannot make out all these points iii the stiiictuie ol the fiowei 
at the first tiy, examine moie flo-\veis until you succeed lu 
seeing all the paits The honey uses in the naiiow coiolla- 
tnbe, so that even shoit- tongued insects can leacli it The 
heads aie visited bv an nnusiially laige vaiiety ot insects, 
including hive-bees, humble-bees, flies, beetles, and buttei flies 
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Tlie Daudelioii is a vei j suitable plant on wliicb to mate 
daily obsei‘vatioiis witli a view to learning the complete life- 
stoiy of the flowei-head and of the individual floweis By 
•watclung the same head at fiequent inteivah day by day, 
and by examining floweis of difteient ages, you can mate out 
a good deal of the stoiy toi youiselt Is the head always 
expanded Under what conditions does it close ? hTote 
how the stiaps of the outer flo^\eis close ovei the mnei 
lloweis, and how the closing is completed by the iniiei ciicle 
of bi acts Does it close at night only^ For how many 
horn s does it remain open each day in fine weatliei ^ Do all 
the floweis m a head open on the fiist day that the head 
itself is expanded ^ How often must the head open in order 
that all the flowers in it may have a chance of being 
pollinated by insects ^ 

In watching Dandelion-heads in a gaiden I have noticed 
that, as an aveiage, the heads aie only open foi about eight 
houis on fine days and that a head laiely opens inoie than 
thiice In fine weathei neaily all the floweis in a head aie 
open by the end of the thud day, and on the fouith or 
fifth day the head is closed and the corollas are beginning 
to witliei, while on cold and wet days the heads lemain 
closed How do these obsei rations agiee with youis ? 

Open up floweis of difteient ages, and note that at fiist the 
style IS low down in the tube foimed by the united antheis, 
the two stigmatic aims being in close contact by their inner 
(stigmatic] sill faces ; the pollen is shed inside the tube, and 
IS swept out of the top by the haiis on the style as the latter 
glows up Dining this “male” stage, insects visiting the 
head lemove the pollen-mass fiom the top of the anthei-tube 
as it is pushed up by the piston-like st}le, and since the 
stiginatic sui faces are not exposed, only cioss-pollination is 
possible Then the style emeiges and its two lobes diveige, 
exposing the stigmas, if cioss-pollmation does not occui 
duiiug this second or ‘‘female” stage, the amis cuive back 
until the stigmas touch the pollen still adheimg to the style, 
thus bunging about self-pollination 

Aftei the coiollashave witheied and the head has closed up 
foi the iipening of the fiiiits, the bead-stalk usually bends 
down towaids the giound, and an inteiestmg senes of 
change^ takes place What changes do you obsei ve in (1) 
SB 24 
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the length of the head-sttUh, (2) the shape of the expanded 
top of the stalk (which is at hist flat), (3) the size of the 
ovary, (4) the length of the slendei stalk (at fiist veiij shoit) 
■jiist above the ovaiy, (5) the iing of haiis at the base of the 
(now witheied) coiolla-tiibe ^ What becomes of the iippei 
paits of the flower (coiolla, stamens, style) ^ When the 
flints aie iipe, the stalk beLomes eiect again Does the head 
still open on fine days, oi does it leniain closed and foi how 
many days ? How is the change in foim of the stalk-top 
connected wnth the change m f oi m of the v hole head ^ The 
“ disc ” is now becoming loimded (convex) instead of flat, 
while the fiuiting head becomes a globulai mass about two 
inches in diametei , the flat fiuits leqiiiie, theiefoie, to be 
spaced out on the “ disc ” 

Do all the floweis in a head giow into fiuits^ Do voii 
notice any diffeience in this lespect between plants gi owing 
in sunny places and plants gi owing in shaded places Why 
do the lattei usuallv inoduce a smallei piopoition of fiuits 
than the foimei Why aie most of the iinfeitilised floweis 
usually found ai. the outside of the head ^ Piobablv the last 
thiee questions can be aubweied aftei consideimg the facts 
that elhcient insect--\ ibits aie fai moie fieqiient (1) in sunny 
placos and (2) in the moie hilly expanded and theiefoie 
11101 e conspicuous heads, i e aliei the fust day on which the 
heads aie open 

These observations laise the question, is self-pollination an 
effective siibstii.iite foi cioss-pollmation I have tried ex- 
poinnents, designed to pi event insect- vis its, with lathei 
vaiiable results, but on the whole the output of noimal fiuits 
has been much smallei than in neigliboui mg heads leit un- 
touched Tie small bags of muslin oi , bettei , papei ovei young 
unopened heads, and see liow many fully developed fiuits 
aie produced In watching Dandelion-heads and noting all 
that happened day by clay I have found that the aveiage 
time from the hist opening of the floweimg head to the final 
opening of tliefiuiting head (with fiuits leady foi dispeisal) 
is about eighteen days, it is lengthened a little by lamy 
days, slioitenecl when the weathci is fine Howevei, in this, 
as\n all oihei readily veiified matters, make youi own 
observations instead of meiely accepting those of othei 
people 
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JSTote tlie structuie of tlie iipe fiiut (akene), openmg up 
the fiuit-wall to ^ee the single seed ISTote ho-w thepaiachute- 
like pappus (iing of liaiis) closes up on wet days (why 
and expands on diy days (why By what agency is the 
seed dispeised Tiy the effect ot picking oft the paiachiite 
f 10111 the fiuit , note the tunes talcen foi ( 1 ) a complete fiiut 
with expanded pappus, ( 2 ) the same fiuit depiived of the 
pappus, to fall fiom the same height Tiy the compaiison 
undei diffeient conditions, eg indoois and outdoois, on a 
stiU day and on a windy day Note the small stiff hairs 
(sti aight 01 hooked on the akene itself How do these haii s 
help the akene to become attached to the soil aftei the paia- 
chute comes down ^ What aie the advantages of having the 
pappus earned up on a long stalk When is this stalk above 
the ovai V developed ^ Is theie any tiace of it in the fiowei ^ 

370, Daisy {Beilis pe'i emus ) — This familiai plant floweis 
fiom spiiug to autumn, even in wintei a tew days of 
sunshine will often cause the flowei-buds to open It is 
piactically eveigieen as well as peiennial, piodiicmg leaves 
thioughout the year In geneial habit it lesembles the 
Dandelion, but the stem is longei and it sends out i unnei s 
all lound, giving use to numeious new plants, apait fiom 
seeds, theiefoie, the Daisy has a veiy eJhcient method of 
spieading and multiplying 

Caiefully examme patches of Daisies at fiequent inteivals 
dining the yeai, making notes (with sketches) ot youi ob- 
seivations At what time of yeai aie the ‘‘luiineis” given 
off by the paient plant most copiously ^ How many young 
plants may be foiined m this way How long aie the 
runnel s ^ 

Note the aiiangement of the leaves in a losette Sketch 
a plant fiom above, showing the shapes of all the leaves 
Wlieie IS each leaf bioadebt P What aie the advantages of 
the pecuhai shape of a Daisy leaf ? Which leaves (uppei oi 
lowei) have the longest basal paits and the hugest blades, 
and why ^ Why is it a good plan foi a losette-foimiug plant 
to have its leaves bioadest towards then fiee ends ^ 

Examine the flowei -heads (Fig 163 ) and the individual 
floweis veiy caiefully, on the lines indicated in the piecedmg 
article on the Dandelion How long aie the fioweiing-axes ^ 
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How bioad aie the heads ? Hole the shape of the expanded 
top ot the head (shoe it down longitiidinally) and the strnc- 
tuie of the mvolucie (miinhei of biacts ^ in how inaiw cades ^ 
shape and coloui of biacts 

You \nll notice that the outei floweis, foimmg a single 
senes, leseiiible those of tlie Dandelion in having a stiap- 
like outgiowth fioni the mouth of the coiolla, while all the 
innei floweis have a tubulai coiolla , the stiap-lilce (liyulate) 
floweis aie often called the lav-floweis, the small tubulai 
ones the disc-floweis Coinpaie a lav-flowei of Daisy with 
a Dandelion flowei note the shape of the stiap, the nan ow 
but shoit stigniatic aims, the absence of stamens In a 
disc-flowei note the legulai tubulai coiolla, with five (some- 



Fig 3 ^j3 — ^VllUchI Si,ttion of Caiutnhuu 


times only foui) equal lobes lound its edge, the thick slioit 
stigmatic aims, the pie^ence of stamens The lay-floweis 
thus diftei fioin the dibC-floweis m having no stamens, as 
well as in the shape of the coiolla In what lespect do all 
the floweis differ fioin those of Dandelion ? 

Hole the closing of the head at night and m bad weather 
On a blight day the stiaps of the lay-fioweis spiead out 
hoiizontally, at night they move inwaids and meet at the 
tops so as to covei and protect the 3''Oung cential floweis. 

Is it possible to make the head close in the daytime ^ 
Cover a plant vutli a flowei -pot oi box, excluding all light liy 
spimkhng sod loundthe edges whoie the pot oi box lests on 
the gioimd Keep a Daisy m daikiiess foi two or thiee days, 
then bimg it to the light, oi leniove the x^ot oi box coveiing 
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it , note that the head does not open coiupleteh^ but lemains 
half closed, as is also the case on dull dayb Eegulai altei- 
nation of light and daikness is essential foi the legulai 
opening and closing of the heads 

How aie the opening and closing movements affected by 
changes m tempeiatuie ^ Pich a head which has closed for 
tlie night, set it m a bottle of watei, and bung into a waim 
loom a tenipeiatuie of 15° 0 oi even moie will fail to cause 
opening A Daisy head when closed in the evening does not 
leadily open with even a coiisideiable use of tenipeiatuie, 
when open in the moinmg it does not close unless the tern- 
pel atm e is gieatly lowered If a closed head is wainied m 
the moinmg it readily opens , if an open head is cooled in 
the evening it leadily closes 

Hote the elongation of the convex top of the floweiing- 
axis aftei the flowois have been feitihsed, and the flatakenes 
without a pappus The coiiipiessed ahenes aie doubtless 
earned by the wind, though veiy pooily adapted foi wind- 
dispeibal as compaied with Dandelion fiuitb Howevei, in 
compaimg the equipment of plantb foi the stiuggle foi 
existence, one must not fix on any single biological advan- 
tage, but take into consideiafcion the whole equipment The 
akenes of Daisy cannot be so often earned to a distance as 
those of Dandelion, but once a Daisy plant establishes itself 
in a suitable place it may, by its mnneis, give use to 
hundieds of plants in a few yeais 

371. Coltsfoot {Tii^silaqo a) is a well-known plant 

whose flowei mg shoots appeal eailj'in spiiug (sometimes as 
eaily as Decembei), long liefoie the laige leaves The plants 
grow chiefly in damp heavy soils, in waste places oi load- 
sides, in clayey fields — usually in well-exposed situations 

ISTote the yellow flowei -heads (1 to ms dianietei), each 
earned on a stem (4 ms to 1 ft high) which aiises dnect 
fiom the giound and at fiist dioops but latei becomes 
btiaight The flowei mg-stem beais nuinoious scales wdiich 
aie, like the stem itself, coveied witli woolly haiis At the 
top of the siem, -just below the head, theie aie seveial shoit 
scales, then a senes of long nanow biacts sunoundmg the 
flowei s Aie the flowei s all alike, w^th tubulai oi stiap- 
shaped coiollas^ How many lay-floweis aie theie How 
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do tliey (1) lesemble, (2) diltei from, those of the Daisy and 
Dandelion*'^ Is tlioie any pappus P How many disc-floweis 
aie theie in the liead^ Does the style beai diveiging stig- 
matic aims, oi not P By caieful obsei ration tiy to make out 
the lifednstoiy ot the liowei-head 

The cential (disc) floweis appear to lesemble those of the 
Daisy, but close inspection shows that they aie leally male 
flowers, loi the style acts nieiely as a piston to push the 
pollen out of the antliei-tube, the style does not divide into 
two stiguiatie aims Tlie outei (lay) floweis aie female 
flowGis, as 111 Da.isy , both kinds of flower have a pappus, but 
it leiuams suiall in the male floweis, though it enlaiges to 
fonn a paiaehute on the feitihsed ovaiv of the female flowei 
Only tlie ina.le floweis pioduce honey, insects visiting a 
newly opened head must (if cioss-pollination occuis) bung 
pollen Jrom an llowei (why^) When the head closes 
in the evening the XHilleii pushed out of the an thei -tubes of 
tlie male (disc) floweis may bo tiansfeiied to the stiaps of 
tlie female (lay) floweis, and when the head opens again the 
pollen may slide down the stiaps to the stigmas situated at 
tlie base, luinging about pollination 

Examnio \ lie leaves, which come up in a tuft, a few weeks 
afloi 1he JIovvoi -heads Tlie leaves aie upiiglit and idled up 
at Jiist, bid when the bkide bogiiis to uiilold it tin ns ovei so 
as to be hoir/out.al, .ind then lapidly spieads out and becomes 
fioin tlu(‘e inelios to iKMily a foot bi oad The leaf is coveied, 
especially on the lowei side of the heait-shaped angulai 
blade, wd-li a cottoii-liko mass of bans (forniciiy soaked m 
salipotic and used as tiiulci) , the stalk is long and stout, 
and the fully giown leaf spieads out like an mnbiella and 
stops the giowth oi otliei sinallei plants below it 

Dig up a plant ni caily bunimci and note that each flowei - 
ing shoot comes oJf independently fioin the stem, which beais 
the scais of the leaves of foimei yeais In plants dug up 
in autumn note the young leaves f oi next j’-eai , also the egg- 
bhaped buds of the flowei ing shoots, in winch the young 
flowei s can be plainly seen on malviiig a longitudinal section 
Note also the long white tough blanches winch aiise fiom the 
undoigioiind siem and which enable the plant to spiead ovei 
a laige aioa The Coltsfoot is a lampant and tiouhlesonie 
weed when once it gets a footing in fields, owing to its lapid 
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spieacl by meaus of the nuclei groimd biauclies and to its 
vei j effective method of chokiug off competing plants by its 
laige leaves 


372. Tlie Composite Family (Compositae) is the largest 
among floweiing plants, and one of the most successful and 
iVLclely distiibuted Theie aie about 800 geneia (40 in 
Biitaiu) and 11,000 species (115 in Biitam), i e ovei 10 
pel cent of the total number of species of Flo-weiing Plants * 
Theie aie nearly 1300 species of one genus {Senecio) alone 
It IS easy to see why tins family is such an aggressive and 
successful one Wliat aie the advantages of having fl) 
numerous small ffoweis gioiiped togethei in a compact flat- 
topped head, (2) the oiitei floweis often moie conspicuous 
than the innei ones, (3) honey in most cases accessible to 
even shoit-tongued injects, (4) in most cases small light 
fruits piovided with a pappus P 

Examine all the Composites you meet with and find out all 
you can about the aiiangenient and stiucture of the heads 
and of the individual floweis How do the heads and flowers 
of Coiuflowei and Knapweed (“ Haid-heads ”) differ fiom 
those of oui thiee types What othei Composites lesemble 
(1) the Dandelion 111 having all the flowei s ligulate, (2) the 
Daisy in having the oiitei flowei s ligulate and the inner ones 
tubulai, (3) the Coinflowei (“Bluebottle”) and Knapweed 
in having all the floweis tubulai ^ How do the outer floweis 
of the Coinflowei -head diffei fiom the inner ones^ What 
common Composites have small heads densely massed to- 
gethei to foim a flat- topped coiymb of heads, and what aie 
the advantages of this aiiangenient? In each case study 
the biology of the mfloiescence and of the individual flower, 
in the way we have studied the Dandelion and Daisy 


373, Mechanisms in Compositae — The geneial striic- 
tine of the flowei is lemaikably iimfoim tin oughout this huge 
family As legaids the numbei of floweis in a head, we get 
eveiy tiansition fiom the single-flowered heads of Grlobe 
Thistle {Ecliinops, cultd), thiougli the few-floweied ones of 
Hemp Agiiniony, etc , to the huge heads of Sunfloweis 'witl; 
hundieds of floweis 



376 


THE HiaHEE DICOTYLEDONS 


111 all cases the head is suiiounded by an envelope (invo- 
lucie) of biacts, which may be in one oi two circles, oi spiially 
ai ranged and numeions, geneially fiee but sometimes ]omecl, 
and which in some ca&es peifoim “ sleep ’’-movements or close 
up on being moistened The mv -biacts aie usually green 
and therefoie caiiy on assimilation, but they seive mainly to 
piotect the young doweis and, latei, the developing fiuits, so 
that they peifoiin for the Composite flowei-head the same 
functions that inmost othei plants aie peifoimed by the calyx 
of the individual flowei 'When spiny, the involucie protects 
the flowei 3 against biowsmg animals, and when the spines are 
hooked {eg Bui dock), it selves foi animal dispeisal of the 
seeds ” (akenes) 

Since the oidinaiy functions of the calyx aie tiansfeiied to 
the involucre, the sepals of the individual flowei s are lendeied 
minecessaiy in this lespect, and aie often lepiesented only by 
a few small scales (fiee, oi ]omed to foim acollai) oi bustles, 
but in many cases it foims a papjius of long bans which may 
be sessile or laised, aftei feitilisation of the flowei, on a long 
stalk The pappus-haiis aie either iigid oi silky, and eithei 
simple (unbianched) or beaiing minute knolis oi secondaiy 
hairs ffeatheiv pappus), they aie usually hj^gioscopic, 
Bpi ending out like a paiachute in diy an and foiming a most 
effective means of wind-dispeisal, and also helping to loosen 
the flints and detach them fioni the leceptacle 

In some cases, eg Bulens (Bui Mangold), the pappus 
consists of baibed bustles, seivmg foi aniinal-dispeisal In 
Composites without a pappus the leceptacle often contiacts 
in diying, so as to loosen and even leik out the fruits 
(Sunflowei, etc), oi becomes conical (Daisy, etc), so that 
the fiuits may be moie leadily earned away "by wind 

The common leceptacle which caiiies the flowei s — the 
enlaiged end of the flowei mg axis — is geneially flat oi lathei 
convex, and is eithei naked oi beais biacts coiiespondmg to the 
individual flowei s The coiolla is either tubulai (geneially 
having a naiiow lowei part and an expanded iippei pait with 
five lobes) oi zygomoiphic (the tubulai coiolla is geneially 
symmetiical, but sometimes not stiictly ho—eg in Coin- 
iiowei) Of the zygomoiphic coiolla theie aie seveial types 
Muhsia In Dandelion and its allies (Hawkweeds, etc ) the 
mouth of the coiolla is diawn out, on the outei side of the 
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flowei, into a stiap wifcli five teetli at tlie end , tliib is tlie tiue 
liefiilate type In most heads of the Daisy type the stiap- 
like lower lip of the lay-floweis is eithei entiie oi divided 
into thiee lolies at the end Olhei “ falsel}^ ligulate ” types 
aie seen m the niiiiieioiis “double ” vane ties of Dahlia, etc 
The Composites aie piactically all insect- pollinated, and 
have a beautiful and ettective inechaunaiii of a compaiatively 
simple type, already de&ciibed toi Dandelion (Ait 369). 
The giouping of the small floweis into heads — an aiiange- 
ment not pecuhai to Composites but found in many other 



Fig 154 — Goinflowei (Contaniea) 

I , Oiitci iioiitci (XS), ir , 'liibiilu lieimaphioihte flowei (xo) 


families, eg Scabious, Sheep*s-bit, Sea-Holly, Cloveis— 
bungs about a saving m coiolla-mateiial, besides enabling a 
single insect-visitoi to pollinate seveial floweis in a short 
time and causing the floweis to foim a conspicuous mass 
(this is heightened by the fiequent anangement of the heads, 
when small, in coiymbs oi lacenies, oi even — in Grlobe Thistle 
— compound lieads, i e heads of heads) 

Most species) of Cent am ea (Fig 134) have iiiitable stamens, 
sensitive to contact Wlien an insect touches the btameiis, the 
filaments contiact and foice a mass of pollen out fiom the top 
of the anthei-lube The mechanism is easily observed m the 
Coinflowei With a camel-liair biush or a pointed match- 
stick leinove the pollen pi ejecting fioni the anthei-tube of a 
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ne-wly-opened flowei (in winch the style lias not yet grown 
out), and note the tliiead of pollen wliicli eineiges 

Next caiefully Jit open the coiollab of a few voung flowei s 
removed fiom the flowei -head, set the flowei s in a watch- 
glass or on a glass slide undei a hell-]ai foi a few minutes (to 
let them lecovei), then touch the hlainents and note then 
wiithmg contraction Each filament can be made to contract 
independently, pulling the anthei-tube ovei to the coiie- 
sponding side, as well as dia^ving it downwaids, so that the 
pollen-mass piesent above the style is squeezed out and 
earned a.way on the insect’s head 

A'itemma (Mugwoit, Woimwood) is pecuhai in having 
flowers adapted to wind-pollmation The polleii-gi ains are 
smooth (not s^nny oi iidged, as in othei Composites), diy, 
and powdeiy, and the small dingy flowei -heads aie on long 
flowei ing steins earned well above the laige leaves , the heads 
dioop 111 Sea Woimwood The anther-tube pi03ects a little 
beyond the tubulai coiolla, and has bustles on its uppei 
edge which hold the pollen in a soit of basket, so that it may 
be graduall}^ blown away Then the style eineiges and the 
stigmas spiead out, each stigma has a laige fanlike fimged 
end, piesentmg a laige suiface to leceive pollen 


QUESl^ION8 ON CHAPTER XIV 

1 Diaw lip a conipanaon hcLwccii Ptiniioso and Cowslip as to 
habitat, leaf, infloicsccnco, and llowcr 

2 Describe tlio stinctiiio of a Primrose flower, pointing out the 
differences between the tvo types of flov^ci 

3 Desciibe and discuss the pollination of (lie Piiniiose Do you 
consider hetorosb^dy pla 3 ^s an impoitant pait in piomoting cioss- 
pollination ’ Give reasons foi j^om ansv ei 

4 Desoiibe the pollination of the Cowslip, and point out how it 
difleis fiom the Piimiose 

5 Desciibe the finit of Piinuose and Cowslip 

6 Diaw the floial diagiam of a Piiiniose, and shctch in longitudinal 
section the two foi ins ot the flovci llow do jmu «ic count foi the 
unusual position ot the stamens in lolation to tlio lolics oE the coiolla’ 
How do 3 ''ou infei the numbei of the caipols ' 
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7 Wiite notes on points of inteiest piesentecl bj’’ Red Pimpernel, 
Sea Milkwoib, Biookweed, C;^clamen 

S. Describe the infloie&cence and flowers of a Scoipion-giass or 
Foigeb-me-nob, and the mode of pollination 

9 Describe the flowers of Lungwort, Comfiey, and Borage, with 
special leference to then pollination 

10 AViite notes on any points of inteiest presented b^^ the flowers 
and flints of Viper’s Biigloss, Alkanet, Hound’s-tongue, and G-ioinwell 

11 Describe the topical inflorescence of Labiates, as seen in Dead- 
nettles 

12 In what places vould you expect to find White Dead-nettle, 
Red Dead-nettle, Yellow Dead nettle. Thyme, Bugle ’ 

13 Point out as many differ ences as you can between White and 
Red Dead-nettles 

14 Draw a floial diagiaui of the Dead nettle flowei Does the 
hood consist of one or of moie petals ^ Give reasons foi jour answei 

15 Descube the pollination of Dead-nettle oi of any other Labiate 
flowei 3 oil hai e obser ved 

16 Describe the stiuctiiie and mode of pollination of the flowei of 
Sage {Salrm) 

17 Describe the flowers of Llint, Solf-lieal {Pq imeUa), and Wood- 
Sage [Tenet mm), pointing out in each case how the^'' dittei from a 
Dead-nettle flou ei 

18 Mention Labiates whose flowei s aie pollinated by (rt) flies, 
(?i) slioi b-tongiied bees, (c) long-tongued bees 

19 Describe the stiiicture of the Foxglove flowei, -with sketches, 
and point out its adaptation for pollination 

20 Mention three Butish species of the genus Vetonica (Speedwell) 
and give the cliaiacteis by which you vould know them one Iroin 
another, including the months when each is in fullest flouer Have 
3 ’’ou noticed an^" difleience in the places where they usuallj’' grow ’ 

21 Descube the flowei of Mullein {Vctha'-stiiJii), pointing out how'' it 
resembles, and difleis from, that of Foxglove 

22. For what reasons are Foxglove, Snapdragon, Toadflax, Figwort, 
Mullein, and Specdw’-ell all placed in the same fainil^^ ^ How do their 
flowmis diflei in stiuctiue’ 
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23 How are all i ■pliiil u < i disfcmgui&hed fioin all Labiates’ 
Which plants ot hoi I' fiiniiif- im^Ut at first sight be contused, and 
how could you tell, fiom the flowei, \\hiGh famil 3 ' a plant with a two- 
lipped gamopetalous coiolla and foui stamens belonged to ’ 

24 Mention Sciophulanaceae mIiicIi aie pollinated b}'- {«) flics, 
( 6 ) shoit tongued bees, (c) humble-bees, {d) uasps 

25 Desoiibe the life-history of a single Figwoib flowoi, fiom the 
time when its coiolla opens 

26 In what habitats would j on looU ioi Miillem, Tvy-lea\ ed Toad- 
flax, Biooldime, CoW'-uheat, Lousewoib, Baitsia, Yellow Rattle ^ 

27 Desciibe the flowei of Potato and its method of pollination 

28 Desciibe the Bittciswect (stem, leaves, flowcis, fiuit) Wlieio 
does this plant usually'- giou ^ 


29 Hesciibe the flowei of the Tobacco-plant and its mode of 
pollination 

30 How IS the Potato family u. 1 ,. 1 fiom [a) the Foxglove 

family, (f>) the Boiage family’ M, ..h ,, j.!,,,!, belonging to these 
families uliich show some leseinlilanccs in gcneial flowei stinctiiK 

31 Desciibe the iiints of a tcu Solanaceae, Bntish and cnllnaUd 

32 Desciibe the infloiescence and flowei ot the Thiiu ysiii 1 h , giving 
an accoimt of the biology of the flowmi and its modL .,l jiollirnumn 

33 Describe the vegetative oigans (loot, stem, leaves) of a Dande- 
lion Whj'' IS this plant a tioiiblesomc A\ccd in lawns’ 

34 Descube the ariangemeub and shape of the loaves ( it a 1 )andelion 
What diffeiences in the leaves have 3011 noticed in jilants giownng in 
diveise habitats, and liow'- may these dinciences ho explained’ 

35 Describe the stiuctiiie of the flo-wei-hcad of a Dandtlion ^Vllv 
IS it wiong to call the head a flo’wei ’ 


36 Describe the stiucbiue of a single Dandelion flowei, and ndato 
any observations and experiments you have made on ils liiology, Hla«a‘ 
b 3 ’^ stage 

37 Give a picial atcoiinl of Uio life Iiistoiy of a Daridi lion (loMir- 

heail ^ seen by vi^tGliing the Mime iilanfc clay by day fiom llio (,imo ic 
IS inst visible How often did the head open and dose Idii how 
long did It lemain open dm mg a single day '' Did it open c vei y dav-- 
U not, on what soit of day did it [a] open, [h) lemam elosed ' ^ 
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38 Uesciibe, fioni yoiii own woik, the adaptations of the flo\\eis 
of Dandelion foi cioss-polhnation li}’’ injects Is tlieie any pi o vision 
foi self-pollination^ If so, explain the mechanism, with a senes of 
sketches (fioni the actual plant) 

39 Desciibe the \\ay in winch a Daisy spieads ovei a lawn Coin- 
paie it in this lespcct with the Dandelion How^ man^^ young plants 
have you obsei\ecl in coui^e of foimation by the paient plant ^ Why 
do you suppose the Daisy lesoits to this method of spieadmg apait 
from seeds ’ 

40 Compaie the flow^ei -lieads and flow^eis of ^Daisy wutli those of 
Dandelion Which plant seems, fiom youi owm obseivations, to jiio- 
pagate itself most fieely liy Bttd ^ 

41 In how far may a Daisj'” flow ei-head be eompaied with a flowei ’ 

42 In what soit of localitj^, and in wdiat soit ot soil, have jmii seen 
Coltsfoot glow iiig ’ How does Coltsfoot spi ead (ajiait from seeds) and 
what makes it a tiiesome w^eed in fields 

43 Desciibe caiefully the appeal anees piesented by a Coltsfoot 
plant month by month thiougliout the yeai that is, give a biief 
“dial}'-” of its yeai ’s Ilf e, noting such points as the time wdien the 
flowei -head is fiist foimed, when it emeiges fiom the soil, when it 
opens, how long it lemains open, wdien it closes again, wdieii it le- 
opens to let the fiuits escape, wdien the leaves emeige, how they 
expand, etc 

44 Desciibe fully the flowei -head and flowei s of Coltsfoot, and com- 
paie the pollination ail angemeiits with those seen in Dandelion and 
Daisy 

45 Whj’' aie the Composites called “an aggiessive and successful 
family ” ’ 

46 Wiite an account ot the “division of laboui ” seen in the flowei - 
heads of Daisy and Coltsfoot 
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TREES AND SHRUBS 

374 Trees and Shrubs. — Tlieie is no sliai]^ distinction 
betTveen lieibaceons and aiboieous plants, tboiigli the terms 
lieib, sill Lib, and tiee aie convenient foi geiieial nse It is 
pel baps sufficient to define a tiee oi sliiiib as a woody plant 
whose stem pei^ists above tlie soil yeai aftei yeai — as com- 
paied with a plant which dies do’\\'n to the level of the soil, 
though the “ loot-stock” oi ihizome is haid and woody 
A tree nsnally possesses a stout, main trunk fiom which 
smallei andmoie slendei lateial blanches aiise Fiequently, 
howevei, the mam stem ib bhoit, and is exceeded in length 
by the blanches A shrub, on the othei hand, is simply a 
niiniatiiie tiee, the stem being usually shoit, and soon bieakiug 
up into numerous inoie oi less eiect bi am lies 

Vaiious plants which foim huge tiees Avhen gi owing in 
shelteied oi low-lying places aie i educed to stunted sluubs 
when they occui on high mountains oi -wind- swept iidges 
On Daitmooi, foi instance, theie aic seveial patches ot 
gnailed and stunted oak tiees, doubtless of gieat age, glow- 
ing among gianite bouldeis along iivei valleys, at a height of 
about 1,500 ft On seveial of the “tois” (giaiiite-caps on 
hills) theie giow Eowan (Mountain Ash) plants i educed to 
low cieeping shiubs a few inches high, in one case the Hat 
top of a toi, about 1,800 feet above sea-level, was coveied 
with this dwaif Eowan 

375. Hints on Tree Study — In studvmg tiees, the 
following points should be specially attended to, full notes 
and sketches being made in each case — 

(1) The geneial foim and appeaiance as detei mined by 
the mode of blanching, the diiection of the main branches 
and finei twigs, and the chaiactei of the foliage 

382 
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(2) Tlie geneial ettecl of eacTi kind of tiee on the land- 
scape in wiutei, spimg, sumuiei, and antninn 

(3) The situation and soil in -^^dncli each kind of tiee 
appaientl^ tliiives with tlie greatest liixiiiiauce 

(4) The thickness of the tiiink as coiiipaied mtli the size 
of the tiee, the chaiacteis of the baik, the aiiangeinent, 
diieclion, and siiiface of the main blanches and finei tivigs 

(5) The aiiangeinent, oiientation, shape, size, and coloiii 
of the lesting-buds, then stiuctuie, the mode of foldmg-up 
of the young leaves, the natiue of the l)ud- scales 

(6) The time of appeal ance of the leaves, stages in open- 
ing of the lestmg-bud, the leaf-scais, eiect oi diooping 
position of the opening-buds , aiiaugenient, composition, 
shape, iiiaigm, and venation of the leaf, piesence oi absence 
of stipules and petiole 

(7) Tlie time of flowoiiug , nature of infloiescence , stiuc- 
tuie and mode of piotection ot flowei-buds , stiuctuie of the 
floweis and then mode ot pollination, floial toi inula , floial 
diagiam 

(8) Stiuctuie of flint and seed , mode of dispeisal 

(9) G-ei iniiiation of seed, foini of seedling, natiue of 
leserve food, behaviour of cotjdedons, etc Lookfui seedlings 
iiiidei 01 neai the tiee, gathei iipe seeds and study then 
geimination 

(10) Kinds of insects, if any, that feed on the foliage or 
which pioduce galls, insects, if any, that visit the floweis, 
fungus paiasiles 

(11) Name of tiee (suenlihc and common names), and the 
ISTatiual Oidei it belongs to Conipaiison with allied plants 

These aie meiely a few suggestions, to help you in making 
an oideily and thoiough study of each tiee 

Note wlicthei the iiiani tiiink peisists audiiins up tlnough to the 
top ot the tiee (“exciiueut” oi ‘‘ spiie-toi ming ” habit, e r/ Laich) oi 
wliethci it soon becomes lo^t in a oomplcv of stiong blanches (“de- 
lirpiesccnt” oi “dilTiise” lialnl, cr/ Beech), the toirn ot the tiee’s 
Clown, w'hothei pointed, louiulod, oi ninbiclla-hke , the aiiangcment 
ot the Inanches, tlio angles at winch they come oil:, then cliiection of 
giow^th, wdi^ Inanches at the lop ot a tieoaie usually moio stiaight 
than the lowej biaiichcs , why biauchc'a tiiin up at the ends in many 
tices , wdiy biaiichcs use iipwMLcls, oi bend in towaids the ceiitie ot 
the tiee in wintci (in deciduous tiees) All these points, wdneh, 
togethoi with otlieifi, unite to give tiees then goneial foiiii, should be 
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caiefully studied lu manj'- cases this is moie easily dune in wiiitei', 
when deciduous tiees shou then haie bianches 

Note also the depth ot tlie shade cast by the tiee when m full 
foliage, and the efiect this has on the natuie and habit of the plants 
foinimg the uiideigiowth , the inude ot blanching show n by the tice 
■when gi Giving wnth otheis in a clump oi in a wood, and that shown hy 
the same kind of tiee ivhen gi owing by itself in an open situation, 
the diheiences in size and in te\tuie ot the leaves ivell exposed to 
light, and of those glowing m shade , the tendency of the leaves on 
each twig to foim a leaf -mosaic” (2 e to vaiy in size, shxpe, etc , so 
as not to shade each othei) 

Some tuithei points i elating to tlie biology of tiees may be mentioned 
lieie One often sees on high evpoiaed places inland, as ■well as neai 
tlie coast, tiees which have giown obln^uely, sometimes almost 
hoi izontallj , attei leaching a certain height , in othei cases the tiees 
glowing m such situations are erect, hut growth has occurred almost 
entiiely on one side If you see examples of such tiees, tiy to disco vei 
the causes of then bent 01 one-sided growth Note the direction of 
the beud or that of the well-giown side of the tree, then find out the 
directions and chaiacteis (wdiethei dry 01 nioi'it, cold or w^aim) of the 
pie vailing winds At what tune of year will the prevailing wind have 
most mfiuence on the tiee’s growth, and in what way’ 

376. How Wounds Heal, — Ton ^vill often notice on tlie 
triinlcs of trees cm ions iing-like cushions It is. ea&y to fi.nd 
out the meaning of tliese cushions and to tiace then histoiy, 
especially if you have seen foiesteis at woik cutting olt 
biauclies Undei wliatevei ciicuinstances and foi wliatevei 
reasons (find out all you can on these points) this “ tiee 
suigeiy” lias been piactised, the amputation- wound soon 
begins to heal up, undei piopei conditions The cambium 
(Alt 212), which has been exposed by the cutting, pioduces 
a mass of gi owing tissue, known as callus, which in time 
lolls ovei and coveis the wounded wood (which cannot heal 
of itself) If the wound is a small one, the callus-cells soon 
meet at the centie and foini a continuous tissue which pio- 
duces coik at the suiface and (being continuous with the 
oidinaiy cambium) wood internally, coveung up the stump 

The callus piofcects the e\po&ed Mood hy e\cliidmg water, bacteria, 
and tiingi, which set up decay , all exposed faui laces, whether caused by 
pruning knife 01 saw oi b^^ the breaking oft of blanches, otter a ioofc- 
Jiold for disease and deca}^ and once a uood-iot hingus enters it may 
glow iiibide the tiee attei the woiuul is quite cuveied Hence, toi 
the wound to heal piopeily and as quickb as possible, the limb to be 
leinoved should be cut oil close to and peitectly o^ell -witli the parent 
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tiiiiik 01 blanch, &o that no poilion of the amputated biaiioh ma.}'- 
leniani 

An e\pu'5ecl stump oi stub left wlien a bianch bieaks ofl: cannot 
possibly heal o\ei ot lUelf, and if it pioject fai fiom the tiunkoi 
blanch, tlie cambium oi iiiiiei baik cannot pioduce enough callus to 
cover and protect it, so that decay ot necessity sets m, and the stump 
dies back, possibly to cunimunicate disease to the tiunk , even if it 
does heal up at the base, a bad knot I's foiniccl in tire timbei A clean 
cut, smooth and liaid suitace, such as is piodiiced hy a sharp pruning- 
saw, IS much piefeiable to a loiigh and jagged one, since it affords less 
lodgment ±oi vvatei oi germs, avoids ciiislnng or tearing of the cam- 
bium, and assists the pi ogress of the piotecting and healing callus 
In the case of a lan/e wound, cork and new cambium are produced 
by Uie Ctillus at the edges of the wmiind, which does not close up until 
cushion aftei cu'^liion ot callus has glo^v^l ov’ei it, and this may take 
seveial 3-eais Thouglr the giowth ot the callus cannot he hastened by 
“dicssing” the uoimd, the latter can be protected from moisture and 
fungiis-spoies by applying tai or lead-paint 

O’lie old wood ev-po-ied b3^ the voiind, winch geneially becomes daik 
in colour, doe's not grow with the new wood formed b}, the callus, 
hence a deep cut— e 7 an insciijition — made in the wood ot a tree can 
be tound ^eai^ afterwards, covered h} annual layers of new'- wood 
Anj" hard body, c 7 a nail 01 the stem of another tree, maybe enclosed 
111 a tree causing the cortex to split and a callus- la^’-ei to be formed 
w'-liich grows ov'er tlie bod^ and covers it with new w'-ood 

Wounds made 111 herbaceous sterns, loots, tiibcis, leaves, fiuits, etc , 
aie Jiealed in a much simplei w^ay In general, whenevei the innei 
tissues are laid baie I13 injui}" a layei of coik is formed hy the exposed 
cells wdiich ai e livung and capable of giowth, the wmuncls cov^eied m 
thib vray are easily recognised by the brow’-nisli patches of cork A 
potato-tuber, for instance, is coveied a layer of cork, and a similar 
layer is soon formed 011 a piece cub out of the tuber and kept under 
a bell jai 01 tumbler , ti^ this simple expeiinient, and if vou hav^e a 
iiucioscope cub secbions to see the coik-la^'-ei m (1) an uninjiued tuber, 
(2) a piece cut out and allow ed to heal 
Familial opeiations wdiich depend upon callus foimation are 
puiiiiiig, grafting, budding, and propagation by cuttings 

377. Scots Pine 01 '' Scotch Fir” (Pmub s}/lvest)is) is 
iTSually ea& 3 ^ to clistiugaish fiom other Piuea by the liluish- 
gieeii foliage-leaves ( ‘ needles ”) aiiLinged m pans , the baik, 
oiange-eolouied except at base of tiunk, "wheie it is daik , the 
pointed cone, with a dull suiface 

The tiee laiely exceeds a hnndied feet 111 height In 
plantations 01 foiests it shows a tall biauchless stem (any 
signs of blanches foimeily piebent with an nmbiella-like 
Cl own, but m the open it keeps the lowei blanches foi many 
3"eais The baik on the nppei pait of the trunk peels off in 
s B 25 
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thm scales, leaving the suiface oiauge-colomecl, but neai ^e 
base the scales lemaia attached foi a long time, so that the 
balk heie is thickei, loughei, and daikei The stiuctme of 
the buds, then mode of expausiou, and the giowth of the 
blanches, have alieady been dealt with (Ait 180) 

The stiff needle-like foliage-leaves aie home in paiib, each 
pail on a shoit or dwaif shoot Each leaf is slightly twisted , 
theuppei side is flat, the lowei ciuved, and the two shaip 
edo-es beai small teeth (how can one peiceive these without 
iismg a lens P) The leaves live foi tliiee oi foui years, then 
duialion depending on the amount of light they leceive 
Each dwaif shoot beais about a dozen small scales, foimiug 

a soit of sheath at the base of 
the two needles The whole 
dwai t shoot I's cast off when the 
leaves aie dead, giving the old 
twigs a lough scaiied suiface 
Each yeai a ciiole of long 
shoots IS formed, so that the 
age of the tiee (after the first 
three yeais of its life) can be 
told at once fiom the number 
of these circles of branches, or 
their remains if they have 
broken off When the end 
shoot IS damaged, one (some- 
times more) ot the side shoots 
glows out so as to leplace it, 
in fact, one sometimes finds 
that one of the side buds does not expand along with the 
otheis, but lemains as an “ emeigency bud ” 

The floweis (May, June) aie of veiy simple stiuctuie, the 
male and female floweis aie on the same tiee The male 
floweis (Eig 156) aie yellow egg-shaped bodies, about J inch 
long ,-tliey lepiesent dwaif shoots, and aie crowded togetliei 
at the bases of the yeai’s long shoots Each male flowei ism 
the axil of a scale, and has about toui scales at its base , it 
consists of a slendei axis beaimg numeious spiially-aiianged 
stamens Each stamen has a veiy shoit filament and a scale- 
hke anthei with a small ciest at the fiee end , on the lowei 
side aie two pollen-sacs which open by longitudinal slits and 
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let out tlie dusty riulpliiii-like pollen Shake a biaucli, oi hit 
it ivitli a stick, when the male tioweis aie iipe Each pollen- 
giain has two an-bladdeis, which make the giam moie 
buoyant by giving it a much laigei suiface without much 
extia weight 

The male flowers fall olf aftei the pollen shed, so that if 
the stem goes on pioducing male floweis year aftei yeai it 
shows a tufted aiiangement of the needle -beai mg dwaif 
shoots, the tufts being sepaiated by baie p>aits maiking the 
foimei positions of the dusteis of male floweis 

Each female flowei oi “ cone ” (Eig 155) aiises in the 
position of a lateial long shoot Its bud glows lapidly 
in the fiist yeai and is then neaily spheiical and stands eiect 
on a shoit stalls At the base of the cone theie aie some 
small scales, and above these come the scale-like caipels 
Each caipel consists of a lowei scale beaiing on its upper 
suiface a laigei and thick ei scale, the lattei has two ovules 
on its uppei side neai the base 

While the pollen is being blown about, the axis of the 
cone lengthens so as to sepaiate the scales and allow the 
pollen giams to leach the ovules Then the stalk of the 
cone bends down, while the scales glow laigei and thickei 
and become tiglitl}" packed togethei ISText yeai the cone 
begins again to giow biggei and becomes egg-shaped and 
pointed (about 2 inches long) In the tbiid yeai the cone 
dues up, the scales gape apait (staitmg at the tojD of the 
cone), and the seeds escape Examine cones of difleient 
yeais Do all the scales of a iipe cone hear seeds ^ How 
many seeds aie on each scaled Note the long thin wing 
attached to the seed, enabling it to be earned fai by the 
wind 

The eaily geimmation of the seed has alieady been de- 
sciibed (Art 88) After the cot}ledous have ahsoibed the 
endospeini and escaped fiom the seed, long needle-hke 
leaves aie pioduced, winch stand binqhf and duectly on the 
stem In the second veai single needles aie pioduced at 
fiist, but they giadually dwindle upwaids into scales, in 
the axils of the uppei scales tlieie aiise the two-leaved 
dwaif shoots Thus the yoking Pine lesenibles adidt Fns 
in having the foliage-leaves borne singly and duectly on the 
stem 
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378. Tlie Poplars (Pojmlus) and tlie Willows (Salin) 
aie closely allied, foiming a family (Salicaceae) whicL. is 
shaiply maiked olf tiom all other catkm-heai mg plants A 
catkin IS simply an infloiescence consisting of a mam stem 
01 aiis which heais eithei male floweis oi female floweis, 
each flowei aiisiiig in the axil of a leaf (hi act) and having 
a veiy simple stiuctiue The male and female catkins aie 
on sepaiate plants 

379. The best known Poplar is the Black Poplar, 
which w^'e shall take as a type foi hist study The main 
pait of the loot system glows deep into the soil, but 
some of the loots iiin along, more oi less hoiizontally, 
a little below the smface The shallow louts often send 
up leafy shoots (“ suckeis ”). The tiee is laiely ovei 
a hundied feet high, most of the branches bend up- 
waids, and the tiee has a loose appeal ance and a “lopsided” 
ciowm 

The leaves (Pig 156) have long stalks and the upper pait 
of the stalk flattened at light angles to the blade, so that the 

leaf hangs loobely and quiveis 
111 the gentlest wnnd It has 
been suggested that two ad- 
vantages aiise fiom the ti em- 
ulous chaiaciei of the leaves 
in this and seveial (not all) 
oihei Poplais — (1) the resis- 
tance ofleied to the wind is 
lessened, so that the thin twigs 
can better withstand the 
stiaiii , (2) the evapoiation of 
watei fiom the leal is m- 
ci eased, an advantage in 
laxndly-giowmg tiees with a 
good -watei -supply fiom below 
The fiist suggestion is sup- 
poited by the fact that in 
Poplais with thicl twigs, eg 
Lombaidy Poplai , the leaf-stalks ai e not flattened , the second 
by the fact that Poplais “pietei,” le thiive best in, deep 
moist soils 
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The buds aie long, pointed, smooth , each lias foiii scales— an outei 
concave scale on the side aMaj" from the stem and tiuee innei ones 
In spi ing tliese scalcb fall oU, togethei v itli the stipules of the sticky 
■^oiing toliage lea\e3 The side bnds geiieially giov into dwait shoots 
01 into catkins A\hile the end bud glows into a long shoot The 
highest bud is not leally the end bud , as in man^ othei tices, the leal 
end bud does not de\eiop at all, the higliest a\illaiy oi side bud le- 
placing it in giow^lh 

The long hanging catkins open betoie the leave^a untold Each 
catkin IS piodiiccd fioin a special bud, which lesenible^. an oidinaiy 
bud m lia\ing tom scale'. The biacts aie fiiiiged at the fiee (outei) 
edge, but aie not haiiy Each flow’^ei has a .shoib stalk beaiing a 
shallow^ lop-sided cup-like oigan 

In a male catkin we find wo thin this cup a tuft of stamens (about 
foity), each with a led anthei At fiist the male catkin is eiect or 
hoiizontal and the hlaments aie veiy shoit, but soon the catkin a^is 
lengthens, the catkin dioop-,, the bracts fall off, and the fikments 
rapidly giow longei and push out the anthei s Then the anthei s 
open and shed tlie pollen, wdiich is cairied b}’’ the wond, and veiy 
soon the liole catkin tails oft the ti ee 

In the female catkin the cup aiuiouiids the base of the pistil , above 
theo\ar} (one ohambeied, wntli numeious ovules in two lines on the 
wall) aic two huge yellow blanched -stigmas Aftei pollination the 
a\is of tlie catkin lengthens and the o\aiy grows into tlie fiuifc 
(eajisule), wduch splits down along two lines halfway between the two 
lines of seeds, then tlie tw^o valves roll outwMids and the ‘seeds escape 
Each seed has a tuft of bans sei^nng foi wund-dispeisal 

Foi a compaiison ot the floweis ot Poplais and Willows see 
Alt 274 

380 Tlie Lombardy Poplai is simply a “pjnaimcUr’ vaiiefcy of 
the Black Poplai, distinguished by its deepU fuiiow^ed baik and 
especially by the stioiig tendency shown by the blanches to bend 
upwaids and giow^ eiect Connected with this pecnliai habit, which 
enables one to lecognise the tiee fioni a gieat distance is the fact that 
onlj'- the buds on the outei side of the tiee, i e those which aie most 
exposed to light, giowr out to foim shoots 

381 The Aspen, the smallest of the common Poplais, is laiclj^ 
o\er fifty feet high, wuth a slendci tiunk (about 1 ft diameter) The 
baik lemains smooth and liglit-colouied toi maii'^ j^eais , the leaves aie 
lounded and not pointed The buds and floweis icseinble those of 
Black Poplai, but the floweiing buds aie inoie distinct iiom the 
oidinaiy buds, being laigei and less pointed , the bracts beai numeioiis 
long bans on tlieii edges, tlie btamens aie tewxi (about ten), the 
stigmas aie icd, not yellow 

382 The White Poplar lesembles tlie Aspen in many lespects, 
but IS easily distinguished bj (1) the white dowai on its lea\e3 (lo\vei 
side) and young twugs, (2) the di^^ and hairy buds, (3) the fieciueiitly 
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lobed leaves, (4) the less maiked ^ ^ ■^he leaf-stalk, (5) the 

sliglit licininess of the biacts, (6) yellow stigmas It 

glows ^ ei^\ quukly and may become a hundicd feet liigli in foity 3 ^eai&, 
with a masM\c tiuiik The White Pnplai, like the Black, has a 
‘p^namidar’ \aiict3'' 

383. Tlieie aie iiiany diffeient Willows, incluclmg vdiieties 
and liybiids, iii Biitain, but the cominouei kinds aie taiily easy 
to identify, and tlieie aie many points on ■which most of oin 
Willows agiee pietty closely The leaA’-es aie alternate, with 
stipules, and usually have prominent cushions which iiin 
down the stem foi some distance The buds, which aie 
geneially piessed against the stem, may eithei pioduce long 
shoots beaiing leaves, oi shoit shoots which end each m a 
catkin, the slioit shoot sometimes beais a few leaves below 
the catkin (e g Ci ack Willow) Each bud shows on the outside 
only one large lolled-up scale , sometimes theie aie two small 
buds inside this scale, one on each side of the oidmaiy bud 

The catkin-bi acts have silky haiis on the outei sin face, 
and each flowei has a gieen oi yellow nectaiy, oi two 
nectaiies, at the base of the stamens oi pistil on the side 
neaiest the a\i& of the catkin The male flowei has tew 
stamens (two to five), the uunibei (though not constant) 
seivmg to distinguish some of the species, the antheis aie 
yellow, the filaments long The female flowei has a peai- 
shaped ovai^, geneially earned on a stalk, the tapeimg 
uppei end luns into a style with two stigmas which aie 
sometimes blanched, and the ovai}^ has the same stiuctine 
as in Poplais Bees visit the flowei s for honey and pollen 
The capsule opens liy two valves, as in Poplais, and the seeds 
have a tuft of bans aiismg from the seed-stalk 

Willo^vs may be longhly divided accoidiug to tlie pieseiice 
01 absence of long slendei cjuickl} -gi owing shoots (osieis) 
which often glow aliout nme feet long in a single season, oi 
accoidmg to the bieadth oi naiiowness oi the leaves 

384 Hazel (Coiyhis avellam) is a small tiee, laiely 
ovci 15 ft high Theie is usually no mam tiiink, but 
seveial liianclies staiting at the base of the tiee Eiom the 
liase oi the slioot aiise numoioiis eiect rpucldy-giuwing 
blanches (‘ stool-shoots ”), and similar blanches (‘‘ suckeis”) 
aie often gnen olt by the loot, tlie stool-shoots and suckeis 
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diffei fioni the ordiuaiy branches in having tbe leaves aiianged 
m thiee lowb instead of t^vo The baik leinains smooth for 
many yeais, and lia^ naiiow tiaubveise ienticels , in the oldei 
paits it becomes longli and scaly 

The leaves aie stalked and simple The blade vanes in 
form and amount of lobing, but has niegulai pointed teeth 
on the edge, a pointed tip, a lough siufaee, and is usually 
laigei on one side of the midiib than on the other, especially 
at the base 

The twigs of the cuiient yeai aie hauy and have a zigzag 
appeal ance, the leaves (and buds) coming oft singly at each 
bend The buds aie egg-shaped but lathei flat, and ate 
coveied with brown scales , within these come pans of silky 
stipules without leaf -blades, then stipules with young blades 
between them, each leaf being folded along the midrib 



Fig 157 — Male cand FluiiUq Induie'iceucLS Hazel 

ot tlic ILuol A, Male Flowei. , B, Duigiam of hiitiie 


The uppeiinost bud on each twig glows out and foiins a 
long shoot, but in buinniei the end ot the shoot dues up, then 
the place ot the lost end bud ib taken by the uppeiinost side 
bud Mobt of the side buds, howevei, glow into dwaif shoots, 
which may eithei beai a few leaves or mav produce a male oi 
a female infloiescence 
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Tlie “male bud” differ b fiom the ordmaiy buds and the 
female buds in the fact tliat it glows at once, in tlia year 
it IS foimed, and pioduces fiist a few buds (which next yeai 
will become oidmary shoots oi else female catkins) and then 
ends in fioni two to five male catkins The cyhndiical male 
catkins, theiefoie, aie visilile in late sumniei, and by Teb- 
luary (sometimes aftei a few fine days in Januaiy oi even 
Decembei) they open 

The dioopmg male catkin (Fig 157) has nuuieious con- 
cave green scales, each beaiing on its downwaid face (its tiue 
upper face) two small scales and a numbei of stamens (Fig 
158), each stamen has a shoit filament ending in a one-lobed 
anthei (a half-anthei) Theie are usually eight of these half- 
anthers, and (in some cases at least) then filaments aie joined 
in pairs at the base, so that m i eality thei e ai e only four stamens 



Tig 15‘> — Two Fi^inalo Floweia of IJ i/l 1 in Axil of .i Bi lot, each \Mtli tno 
long Stigm.i-3, and Dingicun of hninc 

When the female bud opens, a tuft of about twenty scailet 
stigimas pi ejects fiom the lop Caiefully dissect the bud 
and note tlie biown outer scales, then seveial pans of stipules, 
then a few small leaves, and finally about five biact-s each 
with two female floweis (Fig 159) The flowei consists of 
an ovary suiiounded by a double cup at the base and beaiiug 
on top two long led styles, but the lowei paits aie veiy small 
at the time pollination occuis Only a few flowers in each 
catkin develop into nuts, the ovaiy has two chambeis, each 
with an ovule, but the nut hab only one seed The cup 
becomes leafy and very conspicuous as the nut upens What 
changes incolom, textuie, taste, and size does the nut uudei- 
go while iipening'^ Note the eiiibiyo which fills the nut and 
]i.as two laige cotyledons containing staioli and oil Sow 
iipe nuts, fiist soaking them in water do the cotyledons 
remain below gi ound oi come above it ^ 
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385, Alder {Ahms gliitmoscC) glows cliieflj m moist 
places, beside stieaiiis and pools, in maislies and bogs, but 
will tbiive in duel places wlncb 
aie slielteied oi in winch the an 
lb moist enough It is geneially \ ^ 

a small tiee, but may leach a Y 

height of si\ty feet , the tumk, m U 

lioweyei, laiely exceeds a foot ' h A 

in diameter 

The Aldei is lathei like 
the Hazel in geneial mode of 
giowth, being often slnubbj 
owing to the pioduction of 
nunieious stool- shoots, but the 
loots laiely pioduce suckeis 
On the oldei paits of the shoot 

the balk is black and scaly , on \j 

yoiiiigei paits it is blown, with ifio— AWei 

Yei y distinct lenticels ig lu.ile cxtUm, 3 oung female 

The young leaves have sti- 1 
pules which soon fall off , the 

blade is bioad and usually notched at the end, and except 
at the base its edge is doubly toothed, the teeth being short 
The laige egg-shaped brown lestiiig buds aie pecuhai in that 
each IS on a stalk The young leaves aie pleated (Fig 48, 
2 )licate), and both they and the twigs aie sticky at fiibt The 
buds aie coveied b}^ two or tlnee scales, which aie lathei 
difficult to sepal ate and have a waxy coating 

The catkins open in Febiuaiy betoie the leaves appeal 
Both kinds of catkins cm be seen in the pievious autumn, 
and in wmtei they aie conspicuous on the baie twigs 
The oidinaiy lesting buds of Aldei contain only foliage- 
lea\ es 

The male catkins aie cylmdiical and aie neaiei the end 
of the shoot than the slioitei female oiieb Each scale is 


thickened at the outei edge and beais, on its (tiue) upper 
suitace, thiee floweis, each with a gieen foui-lobed “ calyx ” 
and foul stamens In the female ciitkm, which usuall}'- tuins 
npwaidb and does not dioop like the open male catkin, each 
scale beais two floweis lesembling tliose of Hazel in stiuc- 
tiiie but having no “ calyx ” 
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Aftei feitilibcition tlie ovaiy glows into a diy akeue, the 
scales become stalked, hai d, and woody, giving the old female 
catkin the appeal ance of a Pine cone The cone ripens in 
autumn, but leinainb closed until the following bj^iing, when 
the scales become sepaiated and the akenes (which ha'^e a 
spongy coat) may be blown away by the wind oi may fall 
into watei and be earned by it 

386. Birch {Behila alba) is easily lecogmsed by its thin 
main stem (sometimes foity feet high), which luus up to the 
top of the tiee and is laiely ovei a foot in diametei , its 

slendei twigs, dioopmg at 
the ends, and the light 
foliage, which togethei 
give the tiee its gi aceful 
appeal ance , and its 
smooth thin white papeiy 
baik with long, daik 
tiansveise lenticels 

Theie aie two vaiieties 
111 Biitain, “ White 
Biich and “Common” 
Buch, they aie con- 
nected bv variations and 
hybiids, but the “Com- 
mon ” Buch IS distin- 
guished by its blanches 
being 11101 e spieadmg and 
laiely diooping at tlie 
ends, its twigs not being 
coveied with hans, its 
baik being, at the base ot 
the tiunk, lough, daik, 
and fun owed, and by its haiiless and longer- tipped leaves 
with the blade placed hoiizontallv The young baik is 
blown in both cases, becoming white latei on 

The leaves aie aiianged all louiid the stem, but sometimes 
tend to foim two lows, the stalk is thin, the blade vaiiable 
in outline (heai t-shaped, diamond-shaped, etc), doubly 
toothed, with pointed tip Since the leaves aie lelatively 
small, well spaced on the slendei twigs, long -stalked, and 
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hang vertically on the clioopmg twigs, they cast little shade 
Hence the Biich catches but little light, as compaied with 
tiees which spiead out then leaves and foim a mosaic It 
is, in fact, the most exacting tiee in its demand foi light, and 
conveisely it glows woise in shaded places than any othei 
tiee in Biitain 

Between an extienie light-demanding tiee hhe the Bnch 
and an extieme shade- enduiing tiee like the Beech we get 
vaiious mtei mediate tiees The buds aie small, pointed, 
daik blown, some pioduce long shoots, othei s dwarf shoots 
Each veai the end of the long shoot dies and its giowth is 
continued by the uppeimost side bud 

The catkins open along with the leaves in Maich oi Apiil 
(Fig 161) Both kinds aie cylindiical, the female catkins 
aie at hist eiect and moie slendei than the male catkins, but 
latei (in fiuit) become much laigei The male catkins are 
visible dm mg autumn and wiiitei (as in Hazel) at the ends 
of twigs in tv os 01 tliiees 
In spiing the male catkin 
lengthens and dioops, the 
scales sepaiate, and the pollen 
IS blown out Each scale 
(biact) beais (on its tiue 
uppei smface) seveial small 
scales and thiee gioups of 
stamens, each gioup consist- 
ing of two stamen-^ each split 
into two half- stamens (Fig 
162, c) 

Each female catkin is pio- 
duced inside a lestmg-bud , in 
spimg this bud glows out, pioduces a few foliage-leaves, 
and ends in a slendei catkin (Fig 161) Each scale beats 
on its uppei side two small scales (ht acteoles, Yig 162, a) 
and thiee floweis Each flowei consists of a pistil (like that 
of Hazel lu stiuctme), without any cup The akene is flat 
and pioduced at each side into a thm wmg In autumn the 
scales fall oft and the light- winged fiuits aie dispeised by 
the vund 

Examine twigs m autumn, noting the iipe female catkins 
of this yeai, and the male catkins and the buds foi next 



Fig ]b2 — BiilIi 

A Fumale floweih in a\il of bi ict , B, 
Fiuiting sj-iilej %\itli three miuu.is, 
C’, linen tioin male flo^vei 
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yejLi'j lub, or pick to bits, a fruiting catkin and note the 
scales and tbe winged akenes (Fig 162, e) Tbe seedling 
lias two small gieen cot}dedous, earned up, the hist foliage- 
leaves aie lebs toothed and iiioie liaiiy than the later ones 
387, The Hornbeam (Caoptnus heiulus) is sometimes 
mistaken for Elm oi even Beech, but with a little caie it is 
easily distinguished, especially if its chaiacteiistic fiuits aie 
seen In But am, it is native only in Wales and the southern 
half of England, and laiely grows over seventy feet higli oi 
has a tiunk ovei a yaid m diametei It is commonly seen 
in hedges 



Fig loS — TJie Hoinljoim, "n ith Cluhtei 



The baik is thin and smooth, and the tiunk is fluted 
The leaves, wdiioh are aiianged m two low^s, lesemhle those 
of Beech in outline, but have toothed maigius and veiy 
maiked side veins, along which the young leaf is plaited 
while in the bud The lestmg-buds aie rathei like tliObe of 
Beech, but aie slioitei, and the lateial ones are piessed 
against the stem , the stipules soon fall off when the bud opens 
The male and female catkins, which come out with the 
leaves in eaily siiinniei, are teiminal on shoifc shoots arising 
fa’om buds on tlie pievious >eai’s t^ylos The male bud, on 
opening, develops a short stem bearing at its base a few 
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scales aud occasionally two small leaves, and ending lu a 
loose diooping catkin The catkin- scales aie laige and con- 
cave, each bears fiom four to twelve stamens, and each 
stamen has a foiked filament with a half -anther on each foik 
The female catkins, which usually stand highei up the twig, 
develop fiom a bud which produces at its base foliage-leaves 
as well as scaleb They aie naiiowei than the male catkins, 
and in the axil of each catkin-scale theie aie two female 
fioweis lesembling thobe of Hazel , at the base of each flower 
theie IS a small thiee-lobed scale 

The flints (Pig 163) aie iibbed nuts, each showing at the 
top the five lobes of the peiianth, while the small scale 
aiouiid the flowei giows into a laige thieedobed stiucture 
(coiiesponding to the cupule ot Hazel) which clasps the 
flint below and actb as a wing, helping in wind-dispeisal , 
the naiiow catkin-bcales fall off aftei pollination 

388, Oak (Queicus 'lohin), the laigebt of Biitish tiees, 
sometimeb 150 feet high, with 
massive tiunk, is easily lecogmsed 
at all times of yeai Even when 
without its Avavy-lobed leaves oi 
itb acoins, it diffeis fiom othei 
tiees in its gnailed and contoited 
main blanches and in having its 
buds ciowded lound the ends of 
the twigs (bee Ait 179) 

In the commonei vai lety of the 
Common Oak (Stalked Oak) each 
gioup of acoins is earned on a 
stalk , in the othei vaiiety (Ses- 
sile Oak) the acoin-gioup has no 
stalk The Oak leaf lias small 
stipules which boon fall off In 
Stalked Oak theie is no leaf -stalk 
or a veiv shoit one, in Sessile Oak 
the leaf- stalk is long , in Sessile 
Oak the blade is fiiinei, moie tapeiing at the base, and has 
haiis on its lowei side 

The flowei s appeal with the leaveb in Apiil oi May The 
male catkin beais numeious flowei s scalteied singly oi m 
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gioups outlie a\is, eacli flower (Fig 166, c) lias a deeply 
5- to 7-lobed “ calyx ” and from 5 to 12 stamens The 
female catkin has fewei floweis (1 to 5) , each flowei has 
a shallow cup coveied with tiiangiilai ovei lapping scales, 
and inside this, the futuie acoin-cup, Iheie is a 6-toothed 



A, Male, 13, Foiu ilo infloit-’icencos , L, Mnlo rIo\\ui , JJ, retiuli3 fluaoi 711 ''tctiun 

“calyx” (Fig 166, d, pencmf/i) inseited above the small 
ovary, which has a style Avith thiee stigmab Tlie ovaiy 
has thiee chambeis, the ovules (two in each chainbei) aie 
not even developed until aftei pollination As a i nle only 
one seed is piesent in the iipe acoiii, still one often finds 
thiee 01 11101 e, especially in looking foi seedbngs The seed 
IS filled up by the embiyo, Tvhose thick cotvledons contain 
staich, togethei with tannin, oil, sugai, etc (x^it 79) 
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389. Beech. (Facjus sijlvatica), wliicli is so easily clisJ- 
tinguished by its smootli giey bailc, its ovate leaves, tiiuged 
with bans when young, its long blown tapeimg buds, and 
its thiee-sided nuts in pans within a foiu-lobed spiny cup, is 
one of oui laigest tiees, often ovei a hundied feet high» 
It usually has very chaiacteiistic iidges oi butti esses at tlie 
base of the tiunl:, which lun out to the shallow roots 
The leaves aie aiianged in 
two lows, and on hoiizontal oi 
inclined branches then insei- 
tion IS neaiei the lowei than 
the uppei side ot the blanches , 
by twisting of the stalks the 
blades all piesent then uppei 
faces to the light The blades 
vaiy m shape, but aie usually 
symmeti ical and tapei above 
and below On young tiees 
the dead leaves often lemam 
attached duiing the wmtei 
Besides the oidinaiy long 
blanches there aie dwaif shoots which glow veiy slowly and 
beai lew leaves each year, inspection of the “giidle-scais ” 
(close-set scais of bud-scales of foiuiei end buds) will often 
show that a dwaif shoot has giown less in length in about 
twenty yeais than a long shoot in about a month The dwaif 
shoots do not bianch, and bear ciowded leaf- scais and annual 
girdle-scais Sometimes a dwaif shoot giows out, after 
seveial yeais, to foim a long shoot, owing to the fall of a bianch 
above it oi some olhei cause which gives it plenty of light 
Caiefully examine a bianch of Beech and note how beauti- 
fully the long and short shoots aie aiianged and mixed and 
how the sizes of the leaf -blades aie vaiied, so that the leaves 
foiin a close mosaic and catch a laige amount of light Hold 
the bianch against the light, and you will undei stand one 
leason why the Beech casts such a dense shade and why so 
tew plants can giow undei Beeches , when g lowing in a wood 
the mam tiunkiuns up neaily to the thick ciown of the tiee, 
but in the open the stem blanches low down into seveial 
stiong cylmdiical tiunks, while the leafy “ciown” comes 
neaily to the gioiind Fioin these obseivatious you will 
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■understand wliy Beecli is called a shade-eudui 11114 ’’ 
(anoie so than an^’^othei tiee m Biitaiu), while Bn cli is called 
a light- demanding ” tiee 

The long zigzag twigs have the buds standing oh: at an 
angle of about 60 °, the end bud may eiblier peisist 01 be 
replaced by the uppeimost side bud EacJi bud stands at 
the side (nppei side) of the leaf-scai (small, oval, with tliiee 

hnndle-scais) In atiUimn 
the tips of the shoots cease 
to foim leaves, but keep on 
toiming stipules which act 
as bud- scales The scales 
aie pale brown, aiianged 
in foul lows , the outeimost 
stales aie broad, slioit, 
pointed, but those fuither 
in aie longei, naiiowei, and 
moie delicate in texture 
The fii st seven 01 eight 
pan s of scales have no leaves, 
but the lunei most pan s liave 
a small leaf -blade between 
them, then come the pleated 
foliage-leaves ’^^uth then sti- 
pules densely coveied with 
silk}^ bans 

As a rule the highest buds on a twig giowinto long shoots, 
those lowei down into dwaif shoots, and the lowest ones 
lemam dormant, the dormant buds do not, liowevei, leniain 
alive and capable of giowth foi neaily so many years m 
Beecli (raiely 20 yeais) as in othei tiees, hence one does not 
see young shoots giowiiig f 10111 the old tiunks of Beeches, 
hke those on Oak, Elm, Hoinlieam, etc 

The floweis, which come out with the leaves 111 spring, aie 
m clusters at the ends of slendei blanches -which aiise singly 
in the axils of the leaves, the lemale clusters being Inghei up 
on the twig than the male The male hiancli has a long 
hanging stalk, that of the female biaucli is shoitei, tliickei, 
and elect The numerous male dowers (Fig 168 , b) have 
each a bell-shaped “calyx ” -^vith five to seven teeth, coveied 
■with haiis, and about ten stamens The female bianch has 



F]g lOS — Bt-i-Ui 

A, Male iiifloie^cence , J3, Male fIo^\ei , C, 
Female infloiebCOMce , D, Oupule uibli iiutd 
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only two flowers (Fig 168, c) suiiouucled by a foui-lobed cup 
coveied witli soft outgiowtlis , each flowei has a foui- to 
eight-toothed peiianth above the thiee-chanibeied ovaiy (two 
ovules m each chambei), and the style has thiee stigmas 

Aftei feitilisation the cup becomes woody and its out- 
giowths stiff 01 even apmy , about Octobei the foiu lobes 
spiead out and let the nuts escape (Fig 168, b) The nut 
lb filled by the eiiibiyo, which has two folded cotyledons 
On geiinination the cotyledons aie earned up and spiead out 
as bioad gieen leaves Foi seveial yeais the young plant 
glows veiy slowly, each yeai the end of the stem bends over 
so that the leaves (set in two lows) shall not shade each other, 
then the upwaid giowth foi the next yeai is earned on by a 
bud on the top of the bend. 

[The Copper Beech is a vaiiety of Common Beech in 
which the epideimis of the leaf contains a led pigment (dis- 
solved in the sap of the epideimal cells) , the mesophyll 
consists of gieen tissue, as in the oidinaiy Beech ] 

[390, The Sweet oi Spanish Chestnut has long, oval, 
toothed leaves, which remain on the tiee till late autumn, 
when they assume a rich golden colom. The flowei s are 
pioduced in long spites dimng July, the male flowei s being 
situated on the uppei paits of the spike, and the female 
flowei s neai the base The foimei soon wither and fall, 
while the lattei develop into tiny husks, lined by sill^y bans, 
and each containing fiom two to five pointed nuts, some of 
which do not fully develop The fiuit is iipe in September, 
and falls in Octobei, when the cupule sphts and exposes 
the nuts The seeds iipen m Biitain only in waim seasons 
01 favouiable localities ] 

391, Elm (Figs 169, 170) — Theie aie two kinds of Elm 
inBiitam, the Coiiinioii or English Elm (JJlmm ccinipest) is) 
and the Wych, Scots, or Mountain Elm (JJlmus mon- 
tana ) , loughly speaking, most Ehns growing south of the 
Tient belong to the loimei species, wMe most Elms noith 
of the Tient belong to the lattei. 

In both Elms the baik is lough and shoots aie often pio- 
duced fiom the loivei pait of the tiunk Both giow into 
tall tiees (up to about 120 feet), and have shoit- stalked 
s. B 26 
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Simple entile doubly- tootliecl leaves ananged alternately in 
two side-rows on tbe stem The blade is roughly lieait- 
sbaped in outline, but one half (that neaiest the tip of 

the twig, 01 that faithest fioni 
it comes q-R the leaf-stalh lowei 
down than the othei half and 
bulges out, so that the blade is 
lopsided 

The advantage of this lopsided- 
ness IS easy to obsei ve if you hold 
aleaf-beaimgtwig up to the light 
and notice how the laigei halt of 
each blade tends to fill up what 
would be a space (it the leaf weie 
synimetiical) between the leaf, the 
stem, and the leaf above This 
peculiaiity of the leaf -blade, 
enabhng the leaves on a twig to 
catch moie light without too 
much ovei lapping of each othei, 
Fiff, 159— Tile Ehu,^^ith ciudtei^ ^ Simple method of pioducmg 

a leaf-mosaic, it is moie pio- 
nounced in the Wych Elm (leaf 3 to 6 ins long, up to 3 ms 
acioss bioadest pait, tapei-x^omtecl) than in Common Elm 
(leaf about 2 ms long, not so pointed) 

In Wych Elm the ciown is bioadei and the mam blanches 
moie spieadmg than in Common 
Elm, the latter has its baik moie 
deeply fun owed Theie aie two 
kinds of buds, the highei ones aie 
pomted and grow into leafy shoots \ il//f 
(eithei long shoots oi dwaif shoots), 
while the globular lowei buds pio- p 
duce clusteis of floweis The buds A 

have much the same stiuctuie as m F,g iro— Eim 

Hazel , the young leaves have stipules a, , n, Pistii 
which soon fall off, the blanches, 

like the leaves, are m two side lows, the tiue end bud dies 
off each year, and the uppeimost side bud leplaces it 
The flowei-buds open fiist, in Maich oi Apiil, each pio- 
ducing a dense tuft of small biownish-gieen floweis, each 
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flowei lias a bell- shaped “calyx” with foni to eight lobes, a 
stamen opposite each lobe, and a two-chambeied ovaij'^ ivith 
two spieading stigmas (Fig 170) At fiist the stigmas pio- 
ject beyond the stamenb and aie leceptive, but aftei a tune 
the filaments lengthen and cany out the antheis, w^hich then 
open The pollen is earned by the wind , it is obvious that 
self-pollination is pievented duiing the female stage of the 
flower, but it may occur when the antheis of the flower open 
if cioss-pollination has failed 

The ovaiy becomes an akene, with a thin wing around the 
seed-contammg pait, the f nuts (oval, notched above) aie at 
first gieen, but become biown and iipe by May In Wych 
Elm the seed is at the centie of the fiuit (about 1 in long) , 
m the smallei fiuit of Common Elm (about J in long) it is 
above the centie The seeds of Common Elm aie said never 
to germinate in this countiy, but this is laigely atoned foi 
by the fact that this species of Elm sends up numeious 
suckeib fiom its loots, so that one often sees a long stietcli 
of hedge on each side of an old Elm, oi a thicket of young 
Elms aiound the paient tiee The Common Elm is not 
legal ded as a native Biitish tiee, but as having been lutio- 
duced within histone times The Wych Elm, regaided as 
native, does not pioduee suckeis, as a lule, unless the tree is 
cut down , its winged akenes (samaias) aie well adapted foi 
wind-dispeisal, and in geiminatiou the green cotyledons are 
carried into the air 

Common Elm cliffeis fiom Wych Elm chiefly in having 
smallei leaves, flowei 3, and samaias, fewer ‘ calyx ’’-lobes 
and stamens , in the non-geimmation of its seeds m Bn tain, 
and its pioduction of suckeis in laige numbeis fiom the 
roots , in the diiection of giovi:h of its main hianches and 
the shape of the ciovoi 

392. Sycamore Maple oi False Plane (Acer pseudo- 
platanus), usually called simply Sycamoie (though this name 
was oiigmally given to a wild Fig, Ficus sijco'iuo^tuSf giowmg 
m the East), is not a native of Bntam, though so common 
heie, its home is m cential Euiope and western Asia The 
Sycamoie is leally a species of Maple, the only native Biitish 
species of Ace'i is the Field oi Hedge Maple (A ccmipesh is), 
but two othei species aie commonly giown — Norway Maple 
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(A iilatcDioides) and Ash-leaved Maple {A necfumlo) 
They all have tlie lea\es lu ciossed paiib (theiefoie m foiu 
lows, decussate aiiaugeineut) and a iiuit which splits into 

two (^bonietmies thiee) ■gauged 
akeues 

The Sycamore Maple (Fig 
171) IS a faiily tall tiee (up to 
60 ft ) , the baik long lemams 
smooth, hut eventually becomes 
lougli and scaly Each leaf has 
a stalk whose bioad base extends 
about half lound the stem , the 
blade (4 to 8 ins bioad) has five 
pointed toothed lobes and is 
shiny and daik-gieen above, 
dull and light-gieen below 
The mam veins spiead out 
fiom the top of the stalk, one lunning to each lobe and 
giving olf side veins, |in the young leaf the veins aie 
hinged below with haiis, but in the old leaf the haiib aie 
confined to tufts at the points wheie the secondaiy veins 
]oin the five mam veins 

On a hoiizontal bianch the leaves are aiiaiiged so that 
the blades may get as much light as possible , the leaf stalks 
vaiv m length, and those of the uppei and low^ei loivs of 
leaves become twisted, while the blades vaiy in size, in 
amount of lobing and si/es of the lobes, so as to pioduce an 
effective leaf -mosaic On a nioie oi less hoiizontal biaiich 
the buds (Ait 177) on the uppei and lowei sides eithei 
remain doiinant oi gio-w into veiy shoit shoots, so that on 
an old blanch of this kind the long twigs aie confined to 
the flanks, but on moie eiect blanches theie aie stiong 
t’wigs on all Sides, especially on the side faithest fiom the 
middle of the tiee How may these facts be explained ^ 

A floweiing shoot (hoiv can you tell in wmtei which buds 
contain an mfloiescence t) beais one oi tvo pans of leaves 
and ends in a long hanging bunch of stalked gieeii fioweis 
At the base of the infloiescence blanches beaimg each about 
thiee liow^eis aiise from the axis, but highei up it gives oft 
single floweis Note the five sepals, the five petals (naiiowei 
than the sepals), the stamens (8 to 12) inseited on a yellow 




TREES AND SHRDBS 


405 


img-like cusliioii (iiectaiy), the haiiy flattened ovaij^ (two 
chambeib each with two ovules), and the shoit style with 
two ciu\ed btigmas As a lule the cential ilowei in each 
gioiip has a tullv developed pistil, and eight stamens with 
shoit filaments, but the antheis (though containing pollen) 
do not open, so that the flowei is piactically lemale The 
othei flowei s aie male having eight to twelve stamens wuth 
long filaments, and a small bteiile pistil Soinetiineb a whole 
infloi escence consists of these male flowei s , in all cases the 
male flowei s appeal to raatuie before the female flowei s The 
flowei s aie visited by insects, chieflj^ bees and flies 

The flint has two spi ending and diveigmg wings, one pio- 
duced fiom the outside ot each chaiiibei or half-fiuit Each 
chambei contains a laige lounded seed (Ait 79) 

[393. Horse Chestnxit is a laige 

tiee (about 60 ft ), vitli eiect tiimk and pyianiidal head , it 
IS a native of Asia and ISToith Ameiica and was mtioduced 
into Biitam about 1630 The name is deiived fiom the le- 
serablauce of its seeds (too bittei foi human food, though 
eaten by vauous animals) to the edible fiuits of Sw^eet 
Chestnut, “hoi so” being a contemptuous piefix meaning 
coaise, as m Hoise Eadisli, oi as “ dog ” m Dog Violet, etc 

The twigs aie thick, the buds (Ait 178) laige, blown, and 
sticky, the blanches ascend at fiist, then bend downwaids 
and often ciuve up again at the ends The bailc is smooth 
foi luanyyeais, but lalei becomes gi coved and scaly The 
leaves aie m ciossed pans As m Sycamoie, the leaves diffei 
accoidiug to then position on the blanches, the lowei ones 
having laigei blades and laigei stalks, but the mosaic is made 
moie peifect by the fact that the leaves aie compound, so 
that the individual leaflets can vaiy in shape and thus 
catch the light moie fully 

Tlie leaf-stalk has a bioad base and is also bioadened at 
the top wheie the leaflets (5 to 9, typically 7) come off 
The leaflets themselves have no btalks , each has a shaip 
tip, ]iist below wduch the leaflet is bioadest, and a toothed 
edge On a hoiizoiital bianch the lowei buds eilhei lemain 
doimaut oi glow into siUtill and shoit-lived twigs When 
the iiifloi escence eventually falls oit fiom the end of a 
flowei mg twig, a saddle-shaped scai is left, and the onwaid 
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gio^vtli IS usually continued by one of tlie uppermost side 
buds 


Tbe floweiiug biancbes (Fig 172), whose buds aie much 
laigei than the oidmary buds, lesenible those of Sycamoie in 
geneial stiuctuie, but aie eiect, they open in April oi May, 
as a lule, sometimes not until June The thick eiect axis 
bears clusters of floweis below, single floweis at the top 
Each clustei contains (1) male flowers, with stamens but no 
pistil , (2) complete floweis, of which some aie leally female, 
since the stamens fall olt befoie the antheis open, (3) flower- 
buds, which do not open but withei and fall ofl 

Each flowei is stalked, stands out horizontally, and is 
iiiegulai {zycjomo'i;pliic) , theie aie five united green sepals 

foiming a bell-shaped calyx, 



Fig 172 — Floweiing Biancli of Hoise 
Clientnut 


fouL fiee petals (an upper 
pair and a lowei pan, some- 
times with a fifth odd petal 
below) Each petal is white, 
with a yellow blotch (laigei 
in the two upper petals) 
winch latei turns red, and 
■jagged edges Within the 
petals tlieie is a iing-hke 
nectaiy, thickest at the uppei 
side of the flower, and with- 
in this the stamens (usually 
seven) aie inseited Each 
stamen has a long filament 
which turns up at the end 


and beai s a i ed anthei The 


pistil has a tliiee-chambeied ovaiy and a long pointed style 
beaiing stiginatic haiis 

The floweis are visited by insects, especially bees In a 
peifect flowei the st 3 de is leady to leceive pollen befoie the 
antheis open When a bee visits a newl}^ opened flowei the 
style, which pro]ects foiwaids and upwaids, touches the bee’s 
abdomen, while the uiiiipe stamens aie bent down Latei 
the stamens iipen and turn foiwaids and upwaids, so that 
the antheis aie bi ought into the position foimeily occupied 
by the style Cioss-polhnation is fuithei aided bv the fact 
that the male floweis in an mfloiescence aie tliefiistto open. 
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also by the pieseiice of the ‘‘ female ” floweis, ^ e those whose 
anthei s fall off without having opened 

The ovaiy giows into a biown globular spiny fruit (a 
ca 2 )sule, though diffeiing fiom most capbules in having a 
lathei fleshy wall), which opens (about October) by thiee 
valves and usually contains two seeds ] 

[394, The l^ime — Tlus tiee (Fig 173) grows “wild” in 
a few of the southern counties, and is sometimeb supposed to 
be a native , but this is doubt- 
ful, since the seeds do not 
geimmate in uncultivated soil 
The leaves aie heait-shaped, 
with seiiated edges 

Its floweis, which bloom in 
June and July, have five sepals, 
five petals, many stamens, and 
a five-celled ovaiy with two 
ovules in each They aie of 
a gieenish yellow coloui, and 
have a long leaf -like biact at- 
tached to the axis of the m- 
floiescence (a cyme) They aie 
also veiy fiagiant, and pioduce abundance of nectar, and aie 
consequently veiy atti active to insects The fiuits are nuts, 
and the peisistent biact foinis a wing which aids in their 
di&peisal by wind ] 

[395, Common Iiilac {Sij) inqci viilgat is) , a native of Pei sia 
and Cential Euiope (intioduced into Biitain about 1600), 
foims a shiiib oi small tiee (up to 20 feet), which grows 
lapidly (as much as a yaid pei }eai foi the fiist thiee or 
foul yeais), but does not last veiy long — about 20 yeais in 
iich soils, but 40 01 50 in diy pool soils (why this difteience 
in duiation '^) , it i& well known for its handsome appeal ance 
when in leaf and its abundant and beautiful floweis It sends 
up suckeis piofusely in all diiections, why do gaideneis 
deal these away as they appeal, when a fine tiee is desiied^ 
The leaf has a long stalk , the blade, usually heait-shaped 
but lathei vaiiable in outline, is thin and has its suiface 
smooth and its edge entiie The leaves aie in ciossed pans, 



Fig 173 — The Lime — Leaves aiitl 
FIowois 
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The buds are large and gieen, the biid-scales aie smooth 
and gieen, in ciObsed pans As a lule the end bnd has 
eithei died off or produced an infloiesscence, so that the end 
of a twig usuall}'- has two buds side b}'- side The buds aie 
somewhat sunk in the base of the leaf- stalk in whose axil it 
stands, and each has foui oi five pans of haul scales, then 
al3out ten pairs of young leaves which just touch each othei 
at the edges, so that the bud is a veiy easy one to dissect 
Some of the buds contain only leaves, othei s (laigei) both 
leaves and an infloiescence 

The floweis (blue, puiple, led, oi white, in diffeient 
vaiieties) aie in laige loose cliisteis, the mam axis beaimg 
gioups of stalked floweis on its blanches The calyx is 
shoit and four-lobed, the coioila has the same geneial shape 
as that of a Piimiose, consisting of a long ti uiiipet-like tube 
and foui hoiizontal lobes Theie aie two stamens inseited 
by shoit filaments on the innei suiface of the coiolla-tube 
The ovaiy is two-chambeied, the style long and ending in 
two small stigmas Besides bemg fiagiant, the floweis have 
honey, produced at the bottom of the tube, they aie visited 
by bees and buttei flies The capside opens by two valves , 
the calyx is peisistent ] 


396 Common Ash {Fia^amis excelsioi) is a faiily tall 
tree, often 80 feet high , it is a native ot Biitam, but has 
geneially been planted It is easily distinguished by its 
stout giey twigs, usually turned up at the ends, its compound 
leaves in ciossed pans, and its stumpy black buds, also by its 
chaiacteiistic “ keys ” See Fig 174 
ISTote that the base of each leaf luns down on the stem as 
a pi ejecting cushion, so that the stem is flattened below each 
pair of leaves, this gives the twigs a knotted appeal ance 
when the leaves have fallen The leaves have about five 
pans of side leaflets and an end leaflet, the leaflets aie 
stalkless, naiiow, pointed, and slightly toothed 
The buds have 4 to 6 pans of scales, of which only the 
outeimost ones (2 to 4 scales) aie visible on the outside, 
these outei scales aie coveied with black bans When the 
bud opens, one geneially sees tiansitions between the bud- 
scales and the foliage-leaA^es The laige end buds glow nitp 
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leafy slioots, bui in Apiil, befoie tlie leaves appeal, clusters 
of floweis glow out fioin the side buds 

Tlie mfioiesceiice shows tlie same biaucliiiig as lu Lilac; 
the mam axis gives off biaucbes wLioli biaiicli again, and tlie 
last bianclies end in floweis The floweis may be eibliei male, 
female, oi peitect, the tlnee kinds may be piesent on the 
same tiee oi on sepaiate tiees, being giouped in vaiious 
ways Theie aie always two 
stamens in a male oi peifect 
flowei (filaments ]oined below 
in male flowei ) , while the pistil 
is bottle-shaped and consists 
of a two-chambeied ovaiy, 
tapeimg style, and two stig- 
mas The floweis aie mostly 
wmd-polliiiated, though ap- 
paiently sometimes visited by 
insects 

The fruits aie winged akenes 
(samaias) , the long and often 
twisted wing is foimed fioin 
the top of the ovai y and 
shows at fiisb the lemains of 
style and stigmas on its tip 
pait of the key, foiming a cavity which contains the single 
long flat seed When the seed gei inmates, the whole key is 
earned up , the cotyledons leinam inside it at fiist to absorb 
the food stoied in the endospeim, then come out and foim 
oval gieen leaves The fiist toliage-leaves aie thiee-lobed 

[397 In the Manna Ash {F)ainiH<i 0)nitJ>) of South Emope the 
floweis have sepals and petals, so that the Coniinon Ash has evidently 
lost these paits thioiigh beconung wiud-xioll mated The A&li belongs 
to the same family (Oleaceae) as Lilac, Jasmine, Foisythia — commonly 
oultiv^ated slnnbs — Piivet (in Biitain), and the Olive ] 



Fig 174 — The A.&k, vith Clusfcai 
of Fiuits 


Note the thickened basal 


QUESTIONS ON CHAPTER XV 

1 Name thiec English with vhieh yon aie thoioughly familial 
Desciibe the habit, blanching, buds, baik, leaves, floweis, and fiuit ot 
each In what 'soit of sibuitiun would vou evpect to hnd each gi own- 
ing ’ Make youi desci iption‘5 '>>0 cleai that the tiees could be easilj^ 
distniguislicd and idontilied 
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2 Meution ten woodj'' plants, either native or introduced into tins 
oountiy, -which have eveigieeu leaves, distinguishing between the 
nativ^e and the mtiodiiced species What is the geneial difierenee 
betw^een the leaves of evei green and deciduous woody plants ^ Can 
you give a reason foi the diffeience ’ 

3 Give the names and distinguishing chaiacteis of two eveigteen 
shrubs selected fiom each of the following gioups — (1) Ooniteis , (2) 
Monocotyledons, (3) Dicob^dedons -with free petals , (4) Dicotyledons 
with united petals 

4 Why does the normal bi an oiling of a tiee follow its leaf aiiange- 

ment’ What is the ^ ^ , Gooseberry, Lime, Biich, 

and Lilac i espectively^ ' the formation of a terminal 

flower bud upon the subsequent giowbh of a shoot’ 

5 Evplain as clearly as you can how plants heal then wounds 
What aie the conditions Liiat favoiii the healthy healing of cut 
surfaces’ 

6 Hojv are piurimg--wounds healed’ Hov can the act of healing 
be encoiuaged and mateiially’' helped by tlie operatoi ’ 

7 Make diagiams of the i elation ol “leaf-buds ’’ and “fniit-buds ” 
111 any fruit-tree with V Inch you aie faniihai, and also ot the shoots 
produced by each How can you distinguish the two kinds of bud 
before they open ’ 

8 What is the object and what do you siippo ^ ' 

effect of “pinning ” fiiut trees’ What are the 

the pi oduction of flower s in ti ees ^ 

9 It IS necessary, in order to be successful in any giatting opeia- 
tion, to bung togelhei (at least at some pait of tlie junction) a 
paiticulai kind of tissue found in the stem, both of the slock and 
the scion What pai ticulai tissue is this, and vhy is it of so much 
impoi bailee in giatts ’ 

10 Wliat are the essential conditions of success m the piogiess of 
grafting’ Give leasons for yoiii answer 

11 What aie the conditions that favour the successful striking of a 
cutting, and why ^ Theie aie ceibain differences in tieatment between 
woody cuttings and heibaceous ones Mention tliese diflei cnees and 
give reasons ioi same 

12 Why IS it that herbaceous cuttings leqiiiie light, while woody 
cuttings may be grown, at least for a consideiable time, in daikness ? 

13 Why 1 *^ a moist atmospheie for tlie first lew days helpful, and 
aftei that haimful, to most heibaceous cuttings ^ 
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14 In what way does oveiwateiing aftecfc the health of the 
cuttings ^ 

15 Why does waimth, m most eases, cause staivation of the roots 
in 'woody cuttings, while it encourages lOot growth in herbaceous 
cuttings ’ 

16 Mention some plants which are commonU'- propagated by (1) 
cuttings of their loots, (2) isolated pieces of then leaves 

17 How aie the following plants propagated (multiplied) apart 
fioin seeds ^ — Dahlia, Rose, Carnation, Aspicli&tia (“Parloui Palm ”), 
Begonia, Pelaigonium (Garden Geranium), Anemone, Lil}^ of the 
Valley 

18 In removing a bud from (say) a tuber for pm poses of propagation 
why is it necessaiy to include in the cutting pait of the substance of 
the tubei itself ’ 

19 Draw and desciibe the appearance duung winter of the buds of 
eithei Beech, Hoise Chestnut, oi some other tree Show by drawings 
the stages tlnough which these Imds pass in spiing How can you 
hasten the natuial opening of a bud on a cut hiancli’ 

20 Desciibe the general habit, leaves, and catkins of any kind of 
Willow {Sali%) jou know Make drawings to illustiate the structure 
of the floweis and explain lioiv pollination occms 

21 How can you tell a Poplar from a Willow m wintei ’ 

22 Describe and explain the piocess of ‘‘pollarding” Poplars and 
Willo'ws 

23 Winch Willow^s are used for basket-making’ Where do these 
Willows grow ’ 

24 Describe and compare the floweis of Willow and Poplar, giving 
sketches of then stiuctiue How aie the flow^'e is pollinated’ Compare 
the pollination adaptations of Willow^s and Poplais 

25 Describe the wniitei buds of a Willow or Poplai, with sketches 

26 How’- can j^ou distinguish from a distance (a) the Lombaidy 
Poplar, [h] the Aspen ’ 

27 How could you distinguish an Aldei in wnntei ’ Where do 
Alders usually giow^’ 

28 Describe, with sketches, the buds, young t'WJgs, and leaves of 
Alder 

29 Desciibe the male and female catkins and flo'wers of Alder Give 
sketches At wfliat time of yeai aie the catkins foimed ’ In what other 
catkin bearing tiees can both kinds oi catkin be seen in winter’ 
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30 Desciibe the funb of Alder In ^vhafc respect do the fiiiiting 
catkins of Alder diftcr from tliose ot other catkrn-oearing trees’ How 
could jj-ou distinguish an Alder “coire” troni a Pine cone ^ Give 
sketches 

31 Describe the appearance of a Hazel m m inter How can you tell 
the Hazel {a) by its twigs and buds alone, (/;) by its learcs alone, 
(c) by Its fruits Gi \ e sketches 

32 Describe the male and female catkins and florveis of Hazel G ive 
sketches 

33 Describe the appearance of a Biich in rvmter Horv can ^ on tell 
a Birch easily tiom a distance {<t) in winter, {h) in siimniei * Why is 
the Birch called a “ light loving” tree’ 

34 Describe the catkins and flow ei s of Birch Whicli kind of catkin 
can be seen on the tiee dining the w'lntei ’ Gne sketclies 

35 Describe tlie iipe fniitiiig catkin of Biich ITow are the fiuits 
dispei sed ’ Gn e sketches 

36 How^ can you tell an Oak in winter hy its twngs and buds ’ Gir e 
sketches WJiy are the buds crowded at the tips ot the twngs ’ 

37 Describe the catkins and floweis of Oak When do the catkins 
fiist a^rpeai ’ Compaic Oak wnth Biich, Hazel, and Alder in this 
respect Gne sketches 

3S Describe tlio fiuit ot Oak and tompaic it w iLh that of Hazel 

3f) Describe the gcneial appcaiance of a Beech {a) in wnnlei, (t) in 
summer What makes the ]3eech cast such a dense shade’ Wliy is 
Beech called a *' slmde-enduiing ” tree ’ 

40 Describe the infloiesccnces and floweis ot Beccli, "with sketclies 
How do the inflorescences of Beech and Oakdiflei tiom those ot Buch, 
Hazel, and Alder ’ 

41 Describe the fiuit of Beech, and compaic it witli tliat of Oak 
How are Beecli and Oak fruits dispeised 

42 How’’ M ould you distinguish an Elm i)i iiuntci from a Beech, a 
Lime, or a S^camoie’ Describe the lea\ cs and llowcis of the Coinnion 
Elm, and comiiaie wnth those ot the ^V 3 ch Elm 

43 Desciihe the tiiiits ot Common li^lin and W\fh Elm, ivith 
sketches How^ aie Elm fiirits dispersed At what time of 3 'eai do 
they 1 ipen ’ 

44 How^ IS the Common Elm chiefly pi opagated, and how docs it 
diflei in tins respect from the Wych Elm 
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4.5 Desciihe all the e^tei nal featuies seen on a caniote twig show - 
ing several jeais’ giow^th Cine sketches, and explain all the luaiks 
and stinc tines 3011 ha^e diawn 

46 Desciibe the flowed s ot Sycanioie, and coinpaie witli those of 
Hedge Maple (:rive sketclies 

47 Desci ibe the ti mta of iS^xamoie, and conipai e w'ltli those of Maple 
How can you distinguish between lS 3 xainoie and the true Plane-tiee 
(n) in winter b^*- baik and buds, {b) in suiinneL by leaves and floweis’ 

4S Desciibe the lea\ es ot Horse Chestnut, and coiiipaic wuth those of 
Svcanioie C4ive sketclies to show the i elation betw^een the two tjTes 
of leaf 

49 Desciibe the floweis ot Hoise Chestnut, and compare witli those 
of Sjxainoie Note tlie adaptations foi pollination 

50 Desciibe the tiuit ot Hoise Chestnut, and compaie it wnth that 
ot Sweet Chestnut How nia^ the latter plant be disfcinguibhed b}" its 
leaves and flower s ^ 

51 Conipaie the evteinal featuies of the shoot (excluding floweis 
and fruits) of S^^cainoie and Horse Ohestniit 

5‘2 Describe the mode of grow^th and the external teatuies of the 
Lilac How IS the Lilac usual I}-- piopagated in gaidens ^ 

5.1 Describe the floweis and tiuits ot Lilac, with sketches 

54 Describe the wintei teatiues ot the Coniiiion Ash What otliex 
common tiees lesemlile it in some lespects (state these), and how can 
the Aiali be distinguislied hum tliem ^ 

55 Desciibe the lea\ es and buds ot the Ash, wo th sketches What 
distinctive teatiues are show n b^^ the twigs 

56 Desciibe the fiow^eis and tiuits of Ash, with sketches, and 
mention the adaptations tor pollination and for dispeisal 

57 How^ w'ould 3 "ou disUngiiisli tlie folluwoiig trees 111 winter — Oak, 
Beech, Lime, Hoise Chestnut, Llni, Lombaidy Poplai, Ash, Aldei ^ 
State how you can tell the amiual segment ot growth in a shoot 
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THE ECOLOG-T OE PLANTS 

398. Kant IScology, — Having now gamed some piactical 
knowledge of the stiuctuie and life-pi ocesses of plants, you 
should pioceed to study the vegetation of youi own distiict 
and that of any distiict you may visit The mam object 
of this study should be to find out as much as possible 
about the vaiious ways m which plants aie influenced by, 
and adapted to, then siuioundings oi “ enviionment ” The 
teim Plant Ecology simply means “the study of plants 
m then homes ” Much can be done in this diiection even 
with limited knowledge of the classification of plants, but 
the nioie you know of stiuctuie, physiology, and classifica- 
tion, the bettei will you be ecjuipped foi the btudy of plants 
fiom the ecological point oi view It is an easy task to 
leain how to distinguish the commonei plants, especially 
those which show stiikmg adaptations to some special locality 
01 “habitat” 

Theie aie vaiious books which enable one to identify any flowoiing 
plant met \Mth in tins counliy The most complete of these “Tloias” 
are Benthani and Hookei’s Bi lUsli Floia and Ilookei’s Student^ a Floia , 
the tormei is illustiatecl, and is the moie expensive of the two Snmlloi 
books, less complete and less expensive, are Hayii aid’s PocLet Plot a 
and Watts’s Sthool Flo)a 

399. Terms used in Plant Ecology. — You must often 
have noticed that vaiious plants glow togethei, in a soit 
of society 01 community, in ceitain localities — eg m water 
or in marshes, on moois and in bogs — evidently because 
they “hke” oi “prefer” (that is, aie adapted to) the same 
kind of soil, the same conditions of diyness or wetness, the 
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same amount of light oi of shade, etc Such gioups of 
plants, glowing togethei m a soit of community, may be 
called Plant Associations 

Theie aie foui mam ecological plant-types At one 
extieme we have plants adapted to life in ponds, livers, 
ditches, glowing paitly oi entuely submeiged m watei 
These tine watei -plants aie said to be liych opinions 
(le “ watei -loving ”), and aie teiined Hydrophytes, 
Plants which giow in marshes oi swampy giound, on 
iivei-banhs oi on ditch- sides, oi in damp shady woods, aie 
said to be 1 by cj) opinions (“ moistuie-lovmg ”) plants, or 
Hygrophjrfces, 

At the othei extieme have plants which aie adapted for 
life undei conditions of “physiological” di ought — that is, 
undei such conditions that it is necessaiy to check or gieatly 
1 educe the 1 ate of tianspiiation, oi to stoie up watei, or to 
do both, because the watei supply is scanty or luns thiough 
the soil too quickly foi the loots to absoib much of it, or 
because the ’water cannot be absoibed fieely on account of 
the piesence of excessive amounts of dissolved salts oi of 
peaty mattei, oi because the plant giows in places exposed to 
high diying winds, or in cold soil, etc. 

A little leflection will show that any of these causes 
will lead to the development of adaptations foi i educing 
tianspiiation oi foi stoimg the scanty oi piecaiious 
supply of watei which the plant can absoib. In other 
woids, such plants will be xei opinions (“ di ought-loving ”) 
plants, 01 Xeropliytes, Xeiophytes occui on heaths and 
moois, also m the boggy places which accompany them; 
on high mountains with an Alpine floia, in sandy and 
giaveily places, on chalk downs, on the sea-coast (cliffs, 
locks, sandy beaches, sand-dunes, salt-maishes) , and in dry 
woods 01 plantations 

Between xeiophytes and hygiophytes we find a gieat many 
intei mediate foi nib (Mesophytes), compiising, m fact, the 
ma]oiity of Biitish plants, which glow m meadows, pastmes, 
cultivated fields, and in damp woods and plantations of 
deciduous tiees (Beech, Oak, Biich, etc ) These plants show 
no decided \eiophilous oi hygi opinions chaiacters, though 
some appioach xeiophytes in foim and stiuctme and others 
appioach hygiophytes 
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Woody peieuuials (tiees aud sliiul3s) witli deciduous leaves 
sliow dibtmctly xei opinions cliaiacteis in wiiitei (tlie pio- 
tected vi'iiitei buds, coik-coveiiug of stem& aud of leaf-scais, 
cork-la}^ ei closing up the lenticels), while in summei they 
beai thin leaves like those of niesojihytes oi hygrophytes 
It has been pioposed to call such plants, which aie 
inoie 01 less hygiophilous in suinuiei and xei opinions in 
wintei, Tropophytes ('« e “ changing plants ”) This 
apphes only to deciduous plants , eveigieen land-plants 
aie inoie or less stiongly xeiophilous in chaiactei, then 
leaves being Ubuallj’’ tough, thick, and leatheiy (e g Holly), 
or needle-like (e g Pine), with thick cuticle 

It must be lemembeied that no haid-and-fast lines can be 
diawn between these types Foi instance, some aquatic 
plants can, when the stieam oi pond dues uj;), continue to 
live and giow, sometimes even nioie vigoiously, in the air, 
thus changing fiom hydiophytes to mesophytes The same 
species of plant may be found gi owing undei hygiophilous 
or xerophilous conchtions in different localities In each 
case the stiuctme of stem and leaf, as well as the foim 
o± the leaves and the geneial habit of the plant, become 
modified to suit these diffeient modes of hfe Coast-plants 
can, in many cases, be giovoi in oidmaiy soil, and develop 
thm instead of fleshy leaves 

400. Environment. — In the study of Plant Biology you 
should always be on the aleit to asceitam whethei the difiei- 
ences in foim and structme piesented by diffeient plants can 
be accoimted for by drffeiences in then mode of life and 
habitat This study lequnes a sound practical knowledge 
of the morphology and physiology of plants All the factor s 
that make up the environment must also be taken into 
account These factors fall into four mam groups. (1) the 
physiographic factors, including altitude, exposiue, slope, 
(2) the climatic factors, including temper atm e, rainfall, 
light , (3) the edaphic factors, including the physical and 
chenncal characters of the snbstiatmn, ^ e in most cases the 
soil, (4) the biological factors, including othei plants, 
animals, and man 

In dealmg with a comparatively small aiea, like that of 
Britain, we find that the plant- societies are determined much 
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moie by tlie eJaplnc factois tliau the climatic conditions, 
and of the edapbic factois the mo&t iinpoitant aie the pby&ical 
piopeitiets (especially the poiosity) of the soil and the piesence 
in it of liumub 

401. Water-Plants — The siibmeiged leaves of a water- 
plant aie usually eithei long and stiap-like, as in Glyceiia 
ibafantif a watei -glass , oi naiiow and auanged in wliorls, as 
in Watei Staiwoit (Callit}iclte) , oi divided into niiineioiis 
fine thieads, as in Watei Buttercups These biibmeiged 
leaves have chloiophyll in the epideimis, wliicli beais no 
cuticle, so that watei containing dissolved salts and gases can 
pass in fieely Since the submeiged paits get then salts, 
oxygen, and caibon dioxide diiectly fioin the watei, theie aie 
no btomates, noi does the stem contain many wood-vessels, 
and the lootb seive chieflv to fix the plants to the bottom, 
having few oi no loot-liaiis, since loot-absoiption is not 
leq lined 

Ab we liave seen, a land-plant lequiieb to have its stem and 
leaves stiengtheued by haul tibsue, auanged so as to lesist 
the stiaiUb caused by weight and by vnud In a watei -plant 
the weight is, of conise, buppoited by the watei, and the only 
stiam to which fixed submeiged plants aie subject is a 
pulling -sti am due to movement of the watei, especially m 
last bti earns Foi these leaboiis theie is little oi no special 
mechanical tibSue outside of the vasculai bundles, and the 
lattei aie placed in the centie of the submeiged stem, as in 
the 9 oot of a land-plant 

Leaveb which float on the suiface of the watei aie eiitiie 
and loiinded oi slightly lobed (Watei -lilies, Pond-weeds, Duclc- 
■weecl, and some Watei Buttercups), and beai stomates on 
then iippei siiii'ace, winch is coveied with cuticle or wax so 
as to pi event wetting These floating leaves have the same 
geneial stiuctuie as those of land-plants, but the an -spaces 
aie veiv laige and aie continuous, with an -passages iimmng 
down the leaf-stalk to the submeiged stem and loots Air- 
spaces aie also piesent m the stems of plants wbicb giow 
with only Ibeii lowei paits in watei, eq Eusbes, Sedges, 
Maie’s-tail, Hoisetails Besides helping to make the plant 
buoyani, the an -spaces stoie up an absoibed fiom the watei 
and aeiate the lowei paits of the plant which giow in deej) 
s B 27 
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Wtitei or in mncl wlieie veiy little oxygen is pie^ent for 
lespn alien 

Wiitei plants are subject to less exti ernes of heat and cold 
than tiie land pLints, since, owing to its high specific and 
latent heats, watei takes longei to be heated and longei to 
cool than soil does As legaids imtiitionj watei plants aie 
wellpiovided with caibon dioxide, since this gas dissolves 
veiy leadily in watei , watei at 15° C dissolves about its 
own volume of this gas, which is piesent in such a small 
piopoition (about 4 paits by volume in 10,000) in the atmo- 
splieie 

On the othei hand, the piopoition of oxygen dissolved 
in walei (it need haidly be pointed out that aquatic 
plants and animals do not get then oxygen foi lespiiation 
by the splitting -up of watei into its elements) is much 
sinallei tiian ihat piesent in the atinospheie The lowei 
paita of an oidinaiy looted watei plant is pooily supplied 
with oxygen, and the same is tiue of a maish plant, a 
plant having its leaves in the an but its loots and shoot-bases 
111 watei 01 mud The watei oi mud at the bottom is pooi 
111 oxygon as compaied with the suiface watei, and still oi 
sluggish watei conlains less oxygen than lunning watei 
Tlu' an -spaces iii the leaves, leal-stalks, steins, and loots 
st'ivo to (.tiiivcy .111 to the badly aeiated lowei paits, and 
their piimaiy nnpoitance loi aeiation is shown hj then laige 
developmeni. in maish plants 

yiiuo a subinoiged plant gets salts and caibon dioxide so 
easily, and lives m veiy favourable ciicumstances geneially, 
it glows lapidly, biauches fieely (the blanches aie usually 
about as tliick as the mam axis itself), and lepioduces itselfc 
hu gely by vegetative means, chiefly liy the decay of the oldei 
pints and the sotting-fiee of the youugei blanches 

The watei plani.s of ti epical legions glow coutmuoiisly all 
the yoai louiid, not being hainpeied by a cold season, but m the 
tempeiate legions, wlieie growth is inteiiupted by tlie wiiitei, 
the watei plants usually have some method of peiennation 
(neaily all watei plants aie peienmal) In some cases tlie 
plant icmanis uualteied and sinks to the bottom (e g Calh- 
iri(he) , in Waiei-hlies food is sfcoied in the thick iliizome, 
m Aiiowhead tubers arc foinied A veiy common method 
of peiennation is the foimation of mntei buds, which aie 
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piodiiced at tlie end^ of the biaiichefc) These buds aie laige 
and then leaves, contain les.eive food, tlie> diop olt and 
lemain at the bottom until spimg Buds oi this kind occui 
in Watei Miltoil, Hottonia, Fiog-bit, Bladdeiwoit, and vaiious 
speues of Potamocjdon (Pondweed) 

What we may teiiii “ typical ” aq^uatics. giow with the 
whole shoot (except, in most cases,, the flowei s) under watei 
and the leaves submeiged oi floating Some plants, can giow 
eithei submeiged oi on muddy soil with then shoots in the 
ail , in these amphibious plants the leaves of the land foim 
aie bioadei and the stem and leaf stiuctuie lesembles that 
found in niaish plants Many watei -loving plants can be 
giown on land, eithei by tiansplantmg them to soil oi by 
sowing the seeds in soil in the foimei case the new shoots 
foiined diftei fioni the watei foini with i eg aid to leaf shape 
and leaf and stem stiuctuie, in the latter case the seedlings 
usuall}'- piodiice at hist some leaves, of the aquatic tjqie and 
latei beai bioadei land- leaves This change occui s fiequently 
in natuie, when a pond hecomet, moie oi less diied np in 
summei , obseivations should be made on these “ amphi- 
bious ” plants 

Expeiiments should be made on the lines suggested, and 
also the leveise kind of expeiiment, le tiaiisplanting, or 
geimmatmg the seeds of, land plantb m mud, veiy wet soil, 
01 111 watei In some cases the change fioin land foiin to 
watei foim can leadily be bi ought about, especially witli 
plants which glow oidiuaiily in damp places 

Since watei plants lepioduce themselves extensively by 
vegetative methods, they flowei, on the whole, less fieely tlian 
laud plants — olten only when the watei has sunk low oi the 
plants have got on to muddy soil In a few cases the flowei s 
aie adajited toi pollination at the siiiface, oi even undei 
watei In Valhsne^ia (not a Biiiish plant, but often giown 
in aquaiia) the male flovei^ bieak off when mat me, as buds, 
and float up to the suiface, wheie they open and expose the 
antheis The female flowei s, which aie on se^oai ate plants, 
open about the same tune and have long stalks which hung 
them to the sin face, wheie the stigmas liequently come into 
contact with the floating male flowei s (Fig 175) 

111 the Eel-giass oi Griass-wiack {Zoste) a), the pollen-giains 
aie thieadlike and have the same specific giavity as the 
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sea-watei m winch they float imtil they di ift on to the stigmas 
ot the female floweis In most watei plants, ho wevei, the 
floweis aie foimed above the watei and aie adapted fm 



pollmation by wind oi by 
insects , in the toiiiiei case 
much of the pollen falls into 
the watei and is waited, in 
the latter the scaicity of 
insects makes the chance 
of cross-pollination lather 
small. 




Fig 17 ^ 1 — Female Fio^\el of Valli'-neiui 
Spiiahs 

Witli the antUei of an oijcii male flo\\eL 
touching one ut its liuibi lateil stigmas, 
and in uimpoiieil imilu ihiuoi on the lett 


A few submerged watei plants 
have short stems with a “radi- 
cal ” rosette of more or less 
cylindrical leaves . Qnill- 
wort {Isoetes laoiisirts, allied to 
the ferns and not a flowering 
phnt), vith long awl-bhaped 
leaves (2-6 inches) which contain 
foil! lovs ot ail -chamhei s and 
Iia\e bioad bases usuall} beaiing 
a bpoiecabe, Awlwort {^Siilut- 
kti la, a CiULil-ei), in bliallou 
edges ot momiLaui lakes, lathei cvceptioiial among aciuatic'^ in being 
aii°annaal, i small plant with a tuft of ka\cs about an inch long. 
Water Lobelia [Lohdia dot t manna), in mountain lakes, with cylm- 
cliical leaves 2 oi 3 melics long containing two lows of aii-cliamhei s , 
Slioieweed [Liltoxlla, allied to the Plantain^), m sa ' 
edges ot lakes, when suhmeiged lui-> iiaiiow' eiect 
lea\es and niullixilies hy lumieis, but when on mud hassiioilci and 
moie fiattoiied lea\es spieadiiig out. Water Soldier [Sb atiotc'^, 
cliiellv in E England), with tlnck toothed lea\es and conspicuoiis 
floweis earned ou long stalks abu\e the watei 

bonie suhmeiged aquatics have ribbon-sliaped leaves, wlncli may 
float on the suitacc oi leiiiani suhiiieiged Vafli'^uuui , Water Sweet- 
grass {Gbji.uia fiiutan^) , Giass-wrack {Zosfua), on shoics and 
especially lu estuaues, with leases 1 4 feet long , Homed Pondweed 
{ZantticlLtlha), in tie&h oi biackish pools and ditches, witli opposite 
leaves 13 inches long, and scveial species ot Pondweed [Puta 
inoffcton) [The Canadian Waterweed [Eloda, oi Anathat i^), ni 
stieams, has iiaiiow' pointed lea\es about 2 cins long, nuangefl in 
tliiee'n on tlie stems] Water Starwort {Callifutht) glows \eiy 
commonl} in still watei and is ciect, 3-12 inches liigh , lowei leaies 
bubinetged, about 1 inch long, naiiow^ in s[)accd-out pans, uppci 
leaies hioadei, tunning a losette at the suitace and hcaiing the small 
floweis m then a\il& 

In the laige and laiiahle genus Polainogeton we get species fallowing 
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all Uansitions fiom hioad flo.iLing leciA’‘es{e g P nafan^y the coinnioncst 
species) to long naiiOM ’ , 1 P natauh is the species 

least adapted toi at[uatic > the nearest to the ancestral 

land type ham which the Ponchvceds aiose) , its iippei lea's es aie 
oblong, stalked, and iioatiiig, while the lowei ones aie ^niallei oi 
leduccd to a mere stalk In P heir) ophylliis the uppei leaA es lioat but 
aie naiiowei than m P and the lowei ones aic siibiiieigecl, 

\ciy naiiow^j and 2-7 inches long In P lauen^ all the lea^Ls aie 
naiiOAv and s^iibmeiged, oi thcie may be a fe-w floating uppei leaA 
All the othcL Biitish specie^ ha\e all the lea^es siibnieiged and citliei 
oblong (e g P d o\. iilibon like (e g P ])U'^iUa^y P jn ( futahi'i) 
The floweis, whieli come above the "svatei, aie in a spike, each llo'wer 
having 4 stamens, eacli wnth a sepal-likc scale gi owing hoin tlie outei 
side ot tlic antbei 

8e\eial plants lesemble the Common Ponchvecd {P in ha\ing 

broad floating* leaves, u^uall} entiie and lounded in outline In 
the Watex -lilies the laige lca\c& aie kidney-shaped oi alnujst ciiculai 
and lia\e long stall i a stout rhizome winch sends roots 

into the mud the , with unwettabie cuticle, stoniates, 

and pahsade tissue on the uppei side , an chambers are present in all 
paitsof the plant, and the Luge tlow^eisaie on a long llexibk stalk 
E\amine the gammon Yellow Water-lily or Brandy-bottle [Xnphru 
lutuun] and the White Watei-lily {Xuniphata fiJhti)^ oi some ot the 
cultnated species, note the numerous stamens and caipels, and the 
tiansitional sliuctiues betw^een petals and stamens tound in the 
I7ympbaeas 

Fxog’-bit [Jli/diotliaiib), found in ditclms and ponds, has blender 
steins floating in the watei and healing at intcivals tutted shoots, 
each tult consisting oi seseial stalked haves with ncaily ciicidai 
blades, white flow'eis earned above the suitace (male and temale 
on separate plants), and usuall} a few lOots lianguig into the 
wsitei , lesLing-biids are loimed on the stems, diup to the licittom in 
autumn, and float up m spiiug to piodiice new' shoots Duckweed 
{Li/u/ici), which often ’ ' ' s the buitace ot ponds, ha& flat 

gr een floating shoots, into stem and leal exce^jt that 

the branches" and the minute flow'd'- aiise from latiial pockets at the 
naiiow end ot the ‘leaf, ' w'lncli beais long mots belowg dangling in 
the watei , m autumn mating buds aie toimcd in tlie pockets and the 
whole plant falls to the hortom [Othci fiee floating aipiaties, not 
Biitibh but often cultivated, aic Water-nut {Tiapa), PtJihonna, 
and (a tein) ] 

iSc\eial Biifcish aquatics lia\e cdl then leaves subnieig’ed and 
finely divided into hair like segments, hke the subineiged lca\es ot 
the Watei Ciowfoot Watei Milfoil {2ri/uo})}tf//Iuw) lias a cieepnig 
lived iln/onio giMiig off t,hoots winch float in the watei and \aiy in 
length accotding to the depth and cm lent, only the infloiesccnces 
cominL'* to the sin race , the lea\es ate in cnclcs ot o-li, each leaf 
being 'pimiatcly divided, if '* "u axis beaiing a row 

ot naiio\ eithei iV.'iiu Hornwort {Ocrato- 

pliijUinh) ' Milfoil m habit, but the loaves are twice 
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01 tliiicc foiked into naiiow segments, which have small teeth on 
then cdgcts Water Violet and Bladdeiwort aie fiee-floating 
plants 

402 Marsh Plants. — Uiidei this heading we include 
those plants whose lOots and ihizomes, oi sliout-bases, aie in 
watei 01 mud, while then leaves, oi foliage-heaimo shoots, 
and of coiiise the lloweis, giow in the an Between typical 
aquatics, inaish plants, inoistiiie-lovmg plants, and land 
plants theie is e\eiy stage of tiaussition We may, howevei, 
distingiiibh between as^ociationb of peimanently submeiged 
watei plant-1 and those cliaiai ‘tens tie ot maiblies and bogs in 
which the subbtiatum alternates between long peiiods of 
wetness and shoitei peiiods of moie oi less complete dijung- 
up The chaiacteiistic featiue of iiiaish and bog plants is 
that then lowei parts, buiied in the mud, aie adapted to 
aquatic life, while then uppei paits, exposed to the air, 
eithei lesemble thobe of laud plants oi aie adapted to with- 
stand di ought 

The 1 educed leaf-suiface and thick cuticle of Eushes, 
Sedges, Hoisetaih, etc , have often been attiibuted to the 
existence in stagnant mud, especially m peat-bogs, ot acids 
pioduced by the decinnig uiganic mattei, this aciditv making 
it difhcLilt toi the lootb to absoib watei and uecesbitating a 
1 eduction in the tiaiispiiiiig biudace of the plant But actual 
analyses show that in some cases at late the pond-mud 
in whith Eushes and Sedges glow contains no acids oi only 
tiaces of acidity, and moieovei the pieseuce of acids, in 
ceitain quantities, actuall}’' mci eases the late of watei ab- 
soiptioii by plants 

In 01 del to meet these oh]ections it has been suggested 
that these “niaisli xeiophytes” OAve then mixed chaiacteis 
to the peisistence of ancestial featuies in spite of a 
stiiking change of habitat, and that they aie now “hydio- 
phytes wealing a xeiophvtic mask ” Peihaps the bad 
aciation of the loots, which usually show iiiaiked hydio- 
phytic chaiacteis, c-ipeciall) in the exist eiice of abundant 
an -spaces, has somethnig to do with the xeiojdivtic stiuctiue 
of the shoot in both bog and inaibli plani.b, and the ‘ jihv bio- 
logical di ought” theoiy (\ e the aucav that the acidity ot the 
bubstiatum pi events abboiptioii and acts m the bame wa}^ as 
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actual lack of watei) may liold good foi bog plants At any 
late, the biology of niaisli and bog plants appeals to be 
somewhat complex 

The following list compiises the coinmonei British maisli 
plants, which glow on the muddy inaigms of ponds and 
sti earns and in maishy giound, oi which have theii lower 
paits in watei but all oi most of then leaves above watei 

The Horsetails [Eqimctiim) and the Pillwort {Pihilaiia) aie 
flowei less plants, allied to feins The toimei have gieen c\linciuccil 
iiblied hollow aeual stems, vith whoils ol united scaly leaf collais and 
of gieen blanches, the lattei is a rather local plant, witli creeping 
stem and tufts of long cylindiical leaves 
Monocotyledonous mai sh plants include HeecLniace ( Typha lafifohct)^ 
3-7 teet high, leaves (3-6 feet long and 2-6 ems bioad) in two lovs, 
flowei spike 6-10 inches long, Bur reed {Slpcu rjanium), 1-4 feet high, 
leaves 1 4 teet by 1 inch, firs m globulai heads , Arrow-grass {Tn- 
qloilmi yahi'^be), 6-12 niches high, leaves (“ladical”) semi -cylindiical 
and 3 9 inches long, flis green in lacemes , Water Plantain 
1-3 feet high, lca\es “radical,” stalked, and aiiow-shapcd, 
white flowers in seveial spaced-out v hoi Is, Ploweiung Biusli 
{JUdoiniis)^ with naiiow “ladical” lea\es 2 4 teet long, laige pink 
flis in an umbel , Yellow Ins, Maicli Orcliis [0 kttifolia) , and 
seveial Euslies,, hjedges, and Glasses 
Riislies and Sedges aiecluefl} maish plants The Bulriish [Stvpm 
IS, 1-S feet high, stei - ’ ’ ea practically recluced to 
sheatlis aioiind stem, tlis i in a lateral cluster) and 

Lake Clubiush. {Sci}put, • epmg rhizome, numerous 

erect leafless stems 6-18 inches high, teiminal infloicscence 3 emn long) 
belong to the great Sedge famity [Cypei aceat) , most of the Sedges 
[Ccuei) have a three-angled stem, Icat with basal sheath complete and 
not split as in the Glasses , Rushes [innens) have C 3 dindiical leaves 
01 gieen leaf like stems The most conspicuous maish Glasses aic the 
Reed grasses [Pin arfinitcs and Di(j)aplii&) 

Dicotyledonous maisli plants include the following \aiious 
Willows, Alder, Water Bocks (species ot Buma% and Poli/qomim, 
both easily known by the fused stipules foimmg a sheath aiound the 
stem at base of leaf — Rnmc\ has laige leaves, ding}'" flis in clusteis, 

6 peiianth-leaves, while Polyqonum has smallei leaves, pink flis in 
spikes, and 5 perianth lea\ es) , Marsh and Water Stitohwoits, 
Ragged Rohm, Blinks {Montia^ a small tutted oi stiaggling annual 
with opposite obovate leaves 6-1*2 mm long, small white axillaiy flis , 
K2, Cfl, A 3, G (3), allied to Ccu yophyUauac) , Speurworts, Maish 
Mangold, Cuckoo-flower [Ciudaminc. pn atcu'^is) , Crolden Saxi- 
frage [Clu ysosphnuim ^ with opp short stalked cnculai leaves, small 
yellow fhs in cymes), Water Avens, Meadowsweet, tuo 
species of St John’s Wort {Hypo mmi, with leaves opposite, logiilai 
follow flis in Cannes, stamens numeious and ]Oinecl in bundles — 
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TI elocleb is liauy, witli *■ " mnded leaves, about an inch 

diametei and W00II3' on pale yellow 2 cms diameter, 

while H quad t cun fiiliLin has foiu -angled stem, 1-3 feet high, ovate 
1 ' ’ ' ” w floweis an inch aoioss) , Purple Loosestrife 

( 2-5 feet, opp lanceolate leaves, I'ed-piirple fli s in 

1 _ with thtee f 01 ins of flower) , Water Purslane 

(' ^ anal lather like Montm^ wntli opp oblong loaves 

2 cms long, small white flis 111 the leaf-axils, K 0, C niinnte 01 absent, 
A 6 01 12, thiee species of Willow lieib [Epilolniun, wnth epig^moiis 
pol3"petalous flis , paits in loins) — Maish W {E palnsiiL^ 1-2 feet, 
leaves opp sessile lanceolate, lose 01 lilac flis 4 mm aeioss), Stjiiaie- 
stemmed W {E tetiaqoniim^ like E paluohc but stem foiu -angled, 
leaAes senate, llrs G-S mm aelOs^a), Codlins and-cieani {E liD&nfinu^ 

3 o icet, leaves stem-clasping senate 3-5 niches long, flis lose-piuple 

1 - 2 cms acio'^s) , Marestail {IIipjnu 12 feet, stem cyliiidncal 

luibianched, leaver lineai eutue 2 -G enih long ]n wfliuilia of 0 10 , flis 
small, gieen 111 leaf-axils) , 'ne\cial Umbellifeib (Water Diopworts, 
Water Parsnips, etc), Tellow Loosestrife, Moneywoit, 
Brookweecl, Bogboiui with stout rhizome, eicct 

shoots 0-lU inches, ^ with 3 leaflets, white oi pink 

fliij in laceme, K ^ ^ ^ '3 with long white hairs, A 5, 

Ct {‘2) w itli pai letal ^ Wii t <‘i Porgfet-nie-not , Comfrey, 

Gripsywort , Marsh Woundwort , Skullcap , Brooklime , Water 
ancl Marsh Speedwells, Pig wort , Red Rattle, Water Bed- 
straws [Uaiunu and O ulujiiiO'^unii allied to Goo^^egia^'a, 

Alt 233, both with squaie stems and amall wdiile flis, the loimci 
species has 4 01 5 ‘leaves” in a whoil, leaves oblong ancl blunt, ills 
in laige cj mes, fnnt smooth, while the lattei has 6 -'^ pails in a w'hoil, 
stiflci leaves with pointed ti]), sUm anghs moic biistly, flis Icwei 111 
ej’-me, flint loiigli) , G-reat Valeiian {Vtihjiana offitDai/o, stems 

2- 4 feet high, leaves opp pinnatc-compound Avitli 9-21 lanceolate 
serrate leaflets, pink flis in huge eymes, K = leatheij pappus, (J (5) 
bulged at base, A 3, (1 (3) wotli 1 ovule, finit a composite-like akene) 
and Small Valeiian ( V dioiui, 6 18 inches high, leaves 5-7 cms long, 
lowei ovate stalked, iippei lobed, cyme much smallei, male flis laigei 
than female) , Watei Ragwoit, Butteibur , Hemp Agrimony, 
Marsh Cudweed , Marsh Plume Thistle , Yellow Fleabane 


403 Moorland Vegetation. — A mooi is an elevated 
tiact of couutiy confeistmg clneflv of peaty soil and mlialuted 
cluefly by Ling, Heaths., Bilbciiy, Cotton Sedge, and loiigh 
01 wiiy Gri asses Low nioois, 01 heaths, show luueh the 
same kind of vegetation 

High moots aie widespiead m Scotland and along the 
Penmne lauge 111 England, occiiiimg also 111 Wales and 
Devonshne (Daitmooi and Exinuoi) The niideilymg lock 
?s geneially gianite, sandstone, 01 shale, and between this 
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and the peat-layei at the tsiuface theie is usually a moie oi 
less impel meable in tei mediate lajei of decaying gianite or 
shale, 01 of glacial clay The soil is pool and either deficient 
in watei oiimg to the subsoil being too poious, oi satin ated 
with watei owing to an impeivioiis subsoil oi to excessive 
lain and mist, oi to both causes On high inoois the stiong 
winds not only inciease tianspiiation but also pi event the 
giowth of tiees in exposed places, so that the entiie vegeta- 
tion is dwaifed and stiuited, wheieas on low inoois (heaths) 
theie floiuish such tiees as Pines and Biiches, vuth Aldei, 
Willows, and Bog Myitle beside sti earns and in wet places 
Ling, Heaths, Cotton Sedge, and seveial ol the mry 
Glasses — making up the duel elements of the “ heathei 
association” — glow at all levels so long as the soil conditions 
aie similai Moreovei, wheievei watei collects owing to lack 
of diainage and the soil becomes peaty owing to the accumu- 
lation of plant-iemams, bogs aie toimed, so that the difteience 
between moois and heaths, with then bog vegetation, is 
laigely a difieience of degiee only 

On high 111001 s the lainfall is usually veiy gieat — ovei a 
bundled inches a veai, foi instance, on the cential plateau oi 
basin ot Dai tmooi, which I liave exploied with some thoiough- 
iiGss — and the tiequent dense nusts help to keep the inooi 
extiemely moist The suimint of Daitiiioor is a large boggy 
plateau, oi basin, sui rounded by the chaiacteiistic “ toi 
capped hills and liven in all iliiections by cievasses which, 
foim an intiicate uetwoik of peaty tieiiclies and winch 
giadually give use to the sti earns — the chief iiveis of Devon 
a use fiom this desolate i eg ion The aspect ol the vegetation 

IS dieaiy and monotonous, though livened in eaily suimnei 
by the white lassel-like fuut-tufts of the Cotton Sedge 
(JE) lojjlwium), which often foim laige snow-like patches. 

The chief plants found in the boggy and cievassed paits aie 
Kushes, Sedges, Cotton Sedge, Bell and Cioss-leaved Heaths, 
gieat cushions of Han-moss (Poh/h icJiiun), and Woolly 
Piinge-moss Bog mosses {S]}hcicfnnm) 

in the wettei places and tufted iiaiiow-leaved Glasses on the 
hill-sides Faithei dovai and on the wind-swept outlying 
iidges the dominant plant is iisuallv Bilbeiiy m the diiei 
paits, wilh lichens, and Pushes, Sedges, Bog -mosses, etc, in 
the swamps and along the sti earns 
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404. Types of Moorland. — In tlie Vegetation Maps of 
Toik&line/ seveial t 3 ^pes of niooiland aie distiugmslied, 
eacli named after the dominant (i e most abundant oi most 
cliaiacteiistic) plant, the chief types being (1) Cotton Sedge 
Mooi, (2) Heatlier Mooi, (3) Rough G-iass Mooi These 
types aie found on Daitmooi and Exniooi, and aie doubtless 
to be lecognised on moois geneially 



Fig iTu —Cotton bedgo on a Boggy Mooi 


The Cotton Sedge Moor is, as alieady stated, monotonous 
in appeal ance, in autumn and ‘wiiitei theie is little except 
the leddish-biown leaves of the Cotton Sedge, gieyish-gieen 
m spiing when its dull lloweis appeal, and decked witli 
white tufted fiuits in summer (Fig 176) The Cotton 
Sedge IS dominant on the highei plateaux at altitudes of 
1500 to 2000 feet, and is chaiacteiistic of the wettest tj'-pe 
of moorland 

The peat of this mooiland is deepei (often 30 feet or even 
moie) and wettei than that of the Heathei Mooi The leaves 

^ Botciiiital Map of LeccU and Halifax, DiU) itf, Di Smith and 
Dr Mosg (Baitholomew and Co , Is 6cl ) 



THE ECOLOGY OP PLANTS 


427 


and stems of the Cotton Sedge contain an -spaces eommuni- 
catmg ^ith the ihizonies and looth In extieme cases the 
vegetation of the Cotton Sedge Mooi is vei y scanty, only a 
few mosses, livenvoits, lichens, and small fungi occuiiing on 
the peat between the Cotton Sedge plants In wet weathei 
the mooi is a soaking mass with pools between the tufts of 
Cotton Sedge and soft peat-banks fimgiug the numeious 
watei-couises The Bog-mosses occiu chiefly in patches and 
then lemaiiis aie seldom abundant in the peat itself, which is 
chiefly composed of the lemains of Cotton Sedge At the edges 
of the Cotton Sedge Mooi the dominance of thechaiacteiistic 
plant IS shaied by Ling and Cioss-leaved Heath, the foimei in 
duel and the lattei in wettei places Othei associated plants 
aie Bilbeiiy, Cowbeiiy, and Ciowbcriy, the Bilbeiiy often 
coveiing the moie exposed rocky summits and iidges 

The Heather Moor is duel than the Cotton Sedge Moor, 
and theiefoie has a gieatei \aiiety of plants, though the 
Ling itself often glows knee-deep and so thickl}'" to allo’w 
of veiy few associate-plants The typical Heathei Mooi is 
developed at 1000 to 1500 feet, on the duei oi steepei sides 
of the nioois, and is blown in wuntei and gieen lu sumniei, 
but pin pie in autumn when the Ling itself is in fiowei The 
peat is thin — fiom thiee oi foiu to a few inches The most 
nupoitant of the sub-domuiani plants aie Bilbeiiy, Cowbeii}^ 
Cioss-leaved and Bell Heaths, Dwaif Gfoise, Rushes, Mat- 
giass (Nanhf^), Wa\y Hnu-giass (Amt jiex'iwsa), and 
Blacken, and almost any of these may become dominant o'^ei 
a consideiable aiea — Bilbeiiy on di}’' edges and summits, 
Blacken on steep sti earn -banks, and so on 

Othoi plants otbeii piesent aie Toimentil, Heath Bedstiaw, 
Soiiel Dock, Field Woocliush, Sedges, Bent-giass (A(j)osbis), 
Puiple Bent-giass (Molinui), and othei plants, mostly small 
and wiiy with cieepiug stems The tallei luslies (J miens) 
foim distinct associations m the swampy basin and beside 
spiings — the laigei Jimciis maishes aie mdicated on the six- 
iiich Oiduance map (Ait 420) Along Avitli the Rushes giow 
such plants as Dv-leaved Ciowfoot, Bog Slitcliwort, Blinks, 
Maish Cinqnehnl, Maish Pciiiiyvoit (Hijchocofijle) , Sundew, 
Maish Be4sliaw, Loiisevoit, Butteiwoit, Bog Asphodel, 
Pond weeds (Potamoffeton), etc Cotton Sedge also occurs 
heie and theie on the Heathei Mooi 
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Tlie Rough Grass Moor oi Grass Heath usually i eplaces 
the Lmo at the edges of the Heathei Mooi, and may he 
divided into two types One (Wet Glass Heath) is hfit oi 
iieaily so, wet, peaty, and dominated by the Purple Beut-giass 
(Mohma), with the following among its associate plants 
Bog Violet, Blinks, Maish Penny woit. Bell and Cioss-leaved 
Heaths, Bilbeiiy, Bog Asphodel, Bushes, Sedges The other 
(Div Glass Heath) occurs on the steep lull-sides, which aie 
well drained and therefore not peaty, and has plants adapted 
to a dry habitat, the dominant plant being usually either 
Sheep’s Pescue-giass (Festuoa ovvna?) or Mat-giass, wath 
Wavy Han -grass and Bent-giass often abundant, and such 
associate plants as Dwait G^oise, ISTeedle Whin, Heath Bed- 
stiaw, Toimentil, Son el Dock, Milkwoit, Bracken, etc 

On low moors w^e find chiefly Ling, Heaths, Goise, Blacken, 
and low (usually creeping) plants wdiich sheltei under these, 
eg Toiinentil, Heath Bedstiaw, Milkwoit, Eed Battle, and 
in the boggy places vaiious bog and inaish plants One 
naturally associates Ling and the Ericas with hills, but 
extensive heaths are found, for example, along the coast only 
a few feet above sea-level Ling and the Eneas occur at all 
elevations up to about 2000 feet , above that height they aie 
often replaced by Bilbeny In the south of England, at any 
rate, Bilbeny often occurs extensively in dry w^oods , altitude 
in itself has little direct influence on the distnbution ot this 
and of various other moorland plants, and one finds in 
practice every transit ion from typical heathei inoois oi hoatlis 
to woodlands 

Heaths may be very dry oi very moist, often passing into 
niaishy land Dry heaths oveilie sand oi chalk, from rvhich 
Avatei drains rapidly, the average suiumer tenipeiafcuie is 
usually lorv, the soil thin and poor in plant food, being often 
only a few inches thick and forming the only leservoii from 
which the plants diarv then watei in summer 

405 Moorland and Heath Plants — Lmg, Btll Heath, rikI 
Ciusa-leaved Ilecatli fue clusel}’’ allied plants, and aic inuLli-bianrhcd 
wii}' sliiuljs lieiiiing ciowded snnill naiiov le.wes lilacli leaf is lolled 
ii}) 40 that the lowei cpideiinis (beaimg the stomates) foims the inside 
ot a tube whicli o]iciis to the an onl}' by a naiiow slit (seen as a while 
line along tlie iiiideiside), and tlic edges oL Lhe leal beai bans vliidi 
fuitliei luudei the escape ol water -vapoui 
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In the Ling or Common Heather [Calhina vidyaus) fclie leaves aie 
very ’ ' " ■' ■■ pairs, iorming four rows , the copious 

hiaiK ^ ,ves(2oi3mm long, 0 5 mm broad), 

and the clobely set loui lows of lea\c 3 at once distinguish tins x^hiiit 
fioni the Heaths [Ei ita) , the losy diooping iioweis aie in dense spikes , 
h{>th K and C aie losy and 'l-lobed, the coiolla being shoifcei than the 
calyv , each ot the S antheis has 2 appendages and ojiens by 2 jioies at 
the tip , a bee entei mg the flow ei comes against 

shakes the antheis, and bungs a shoAvei ot pol ' i 

winch had pieviuusly touched the stigma, ovaiy 4-chanibeied wnth 
nurneiuus o\ ules , capsule enclosed by persistent coiolla wMiich fades to 
blown aflei feitilisation has occmied , capsule ripens in autumn and 



Fijr 177 — Spiifc, of Cl OSS lo i\ llI 
II»-aUiet {Eitta tetiidu) 


Tig ITS — Vtilicil Soctioii 
ut FJo^\oi ot JOiim Uliufii, 


opens m spimg by 4 slits, the small seeds being hcatteied by the w incl , 
the How CIS aie doubtless laigely w ind-polLinated , the xiollen is light 
and cby and escapes m clouds when the plant is shaken violently 
In Sell HeEitli {Etica Liuutci) the lGa\es ate laiger than in Ling, 
being about (j mm long and 1 mm bioad, and aie aiianged in thiees 
and not so eiowded on the stems , floweis led-puiiHe, laigei and less 
^ ’ in Ling, sepals green, corolla bell-slmped The 

1 .i\ fl Iltiii'ii [E tetrahx^ Figs 177, 178) is lower and less 
gicgtuioiis than Ling and E tinuta, and is chiefly found in the 
nioistei place:^ in small gioups , lea\e3 in fonts, clownj below, with a 
wudo sht, much less lollod up , flowets large, junkish, in small clusteis 
at ends of bianclicb The Bilberry [VatLttnum iiiyHilhu) belongs to 
the same tamily as Ling and the Heaths (Eiicaceae), but diHeis ni 
having btoad thin deciduous leaves whicli tall oil early, the mimeious 
giecn angulai bianehos cai tying on photosynthesis when Icaiiess , 
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coiolla neaily gloLnlai (Fi^ 179)j calyx small, ovaiy infeiioi, fimi a 
bciij'- Some otliei species of VactiULiun (Oowbenyj'Cianbeiiy) occiu 
111 Bufcain, but aie local and laie , they have c\ eigieen lea\ cs 

The Cxowbeiiy [Ehipctnun mfpuni) is an eveigiceii ‘‘ eucour’ 
{hcatliGL like} pliant vith nauou lolled-up lea\ es, though not i elated 
to the Fticaceae It is laie lu the south of Kngland, but iii the noith, 
especially on the Yoikshue muois, it is often the dominant plant o\ei 
laige aieas Its leaves aie in w hoi Is of 3 and 4 and aie i oiled up so as 
to enclose a lathei laige cavity, and the margins ol tlie nanou slit aie 
covcied with haus, those on the two edges inteiloLkmg and thus niak 
mg the leaf an almost closed tube The How^eis aie small, dioecious, 

a\illai 3 % sessile, and w iiid-pollinated, 
wnth 3 sepals, 3 petals, male xvith 3 long 




stamens, temale with six spieading 
stigmas on a shoit style , liuit a black 
globulai diiipe with a single stone 
The Grasses toiind on moois and 
heaths aie iiiostl} ctuite difteieiit fiom 
those glowing m nicadow’‘s In some 
of the cliy-heath glasses, e g Mat- 
grass, Sheep’s Fescue, and Wavy 
Hair grass, the lea\es aie i oiled np 


Fig I7‘i —Flow ei and Sumenb ot SO that the uppei suiface foims the 
inside of a iiaiiow tube opening hy a 


naiiuw slit Puiple Bent (J/o///on), 
Uie topical glass ol wxt heaths, has iiaiiow but Hat leaves, on 


high nioois it Is laid} u\ei a foot high, but in lowland bogs it n.aclies 
a height ot ‘2 ui 3 teet 


Y'licn the same spi^cies of flowcnng ])]ant oi lein glow's both in low'- 
lying Ol shclleicd places and on bleak exposed Inlh oi moois, Iheic is 
usually a maiked dilleimce in the height ot tlie plant, the exposed 
plants being stunted and liaMiig usually naiiuw'ei and stiflei leaves 
withtlnc'kei cuticle Tins is w'ell shown b\ the iJiaeken tein Tw'o 


species ot Clubmuss {Lip ojjodiinn, allied to the teins) glow comnionlv 
on moois and heaths, the Common Clubmoss {L tlnni(nm) has its 
cieepmg stems densely clad with vei;j small ])onited leases, and sends 
up ciect blanches beaimg less ciuw'ded lex\ es and ending m the ‘ club ’’ 
Ol ‘ cone” which beais the spoie cases (one in the axil of each cone- 
loat), while the Fir Clubmoss [L sc/r/70) has no “ club ” but sends up 
numeious eiecL blanches with spieading leaMs, the uppci ka^ cs having 
spoie-cases m then axils , a thud species {L nunnldtuni) glows m Logs 
and has a moie tiailing habit and less eicct blanches th.ui the two 
species just mentioned 


406, Bog-Plants. — The typical bog occiu b on lieathb and 
mooib, a&bociated with Heathei and othei heatli-plantb, and 
its vegetation, consibts of peat-foiniiiig and peat-lo\ing plants 
The distinctions betw^een a niaisli anil a bog aie fauly cleai 
in niobt cases, though theie aie tiansitioiib lioiu one to the 
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oilier The typical iiiaibli occm-^j on low giotind, its watei is 
iich lu inineial substances, especially lime, and itb plants 
glow lapidly, eitliei becoming tall oi leinamiug lo^^, but 
pioducing niiineioiis leaves and blanches each Yoai In the 
typical bog the watei is pool m lime and othei salts, and the 
plants aie mostly slow-gi owing and of low statuie 

Peat-bogs, like the heaths or inoois on which they occni, 
aie found at all heights, fioiii a few feet above sea- level np to 
thiee thousand The peaty soil in which bog-plants giow is 
not sufiicientl}'" aeiated foi the piopei foimation of nitrates, 
so that although such soils (bog, peat, moiass) often appear 
on analysis as though they should be extieinely feitile, veiy 
httle of the niateiials they contam is diiectly available to 
seive as plant-food Some heath and inooiland plants aie 
able to make use of peat by being paitial saprophytes 
(Alt 239) , Ling, Heaths, and mooi Griasses have a coveimg 
of fungus-thieads on oi in then loots, foimiug a mycoihiza 
and enabling them to absoib the decaying vegetable matter 
Most bog-plants have moie oi less v ell- developed \ei opin- 
ions chaiacteis, due laigely to the excess of jDeaty acids, which 
makes watei -absoiption difficult Mosses, especially the Bog- 
mosses [BplLagmi'ni), of which many species and vaiieties have 
been distinguished, play an impoitant pait in the foimation 
of bogs The Bog-inosses, whose appeal ance and lemaikably 
spongy chaiactei aie well known to all who have wallced ovei 
oui nioois, are specially adapted foi stoiiiig watei The leaf 
of a Bog -moss consists of a single layei oi cells, which aie of 
two kinds (1) Luge empty cells with poies on the walls, 
(2) small gieen cells The gieen cells aie long and naiiow, 
foiming a netwoik, each mesh of which is occupied by one of 
the empty cells , the gieen cells caii} on the living functions, 
while the laige cleai cells stoie up watei Each plant 
blanches and giows upwaids, while the lowei parts die and 
lose then gieen coloui, but aie pieseived fiom decai^ by the 
absence of oxygen and the piesence of the peaty acids 

In this way masses of peat may be foimed, but as a lule 
Bi)liayniu)i only occuis in comjiaiatively small patches on 
0111 moois, and its lemams aie not abundant m the peat 
itself, which IS chiefly composed of the lemains of the Cotton 
Sedge Peat is foimed wheievei theie is a high lainfall and 
an impel meable substiatum, lesulting m the piodiiction of 
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coiolla neaily gloLulai (Fig 179), calyx small, ovaiy infeiiot, fuiit a 
beiiy Some othei species ot Vattiniuni (Cowbei i\ , Cianbeiiy) occui 
in Ijiitam, but; aie local and laie , tlic} have exeigieen leaves 

The Ciowberry [B/npeiium myi iim) is an e\eigieen '‘eiicoid” 
(lieathei like) plant vith naiiow lollecl-up leaves, though not lUated 
to the Eiicaceae It is laie in the south of lilnglaiid, but in the noith, 
especially on the Yoiksline inoois, it is otten the dominant plant ovei 
laige aieas Its leaves aie in v boils ot 3 and 4 and aie i oiled up so as 
to enclose a lathei laige ca\ ity, and the luaigins ot the naiiow slit aie 
coAeied with bans, those on the tivo edges intei locking and thus niak 
ing the leaf an almost closed tube The flow-eis aie toinall, dioccioiite., 



Fijr 17‘1 — Fluwei and Stimen& uf 
Billjeiij 


axillaiy, sessile, and w incl-pollinated, 
wath 3 sepals, 3 petals, male w'lth 3 long 
stamens, female w'ltli six spieacling 
stigmas on a shoi t style , fi uit a black 
globiilai diLipe with a single stone 
The Glasses found on raoois and 
heaths aie mostly quite ditteient fioni 
those glowing in nieadow’-s In some 
of the diy-heath glasses, e g Mat- 
grass, Sheep's Fescue, and Wavy 
Hair-grass, the leaves aie lolled up 
so that the nppei surface foinis the 
inside of a naiiow till ' ■ j 


naiiow slit Purple Ih 11 

the typical glass of W'et heath‘s, has nauow^ huL Hat stiti leaves , on 
liigh moois it is laiel^ ovei a foot high, but in lowland bugs it leaclies 
a lieight of 2 oi 3 tcet 

When the same species of flijweinig plant oi fein giow^s both in low^- 
lying oi sheltcied places and on bleak exposed hilL oi moois, theie is 
usuall}^ a mniked dilleience in the height of the plant, the exposed 
plants being stunted and having usually nanow^ei and siillei lea^es 
W'lth thickei cuticle This is well show'n by the Blacken teiii Twaj 
species ol Clubmosfa ^ ' ' . ■ led to the terns) giow commonly 

on moois and heath i Common Clubmoss [L clavatum) has its 
cieeping stems densely clad with \eiy small pointed lea\es, and sends 
up erect hianehes beaiiiig less ciowxled leaves and ending in the ‘ club ” 
01 ‘'cone” which beais the spoie cases (one in the axil of each cone- 
leaf), while tlie Fir Clubmoss [L schufo) has no “ club ” but sends up 
mimeious eiect blanches w ith spieading leai es, the uppci lea\ es having 
spoie cases in then axils , a thud species [L mundatiim) glows m bogs 
and has a moie ti ailing habit and less eiecl blanches than the tw'o 
species just mentioned. 


406, Bog-Plants, — The typical bog occui s on lieatlis and 
moois, associated wnith HeEitbei and other heath-plants, and 
its vegetation consists of peat-foimmg and peat-loving x-)lants. 
The distinctions between a maisb and a bog aie faiily clear 
in most cases, though theie aie tiausitions fioin one to the 
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watei -logged soil m winch oxidation and the action of 
oxygen-ieqiuuno hacteiia is checked so that complete decay 
cannot occiu In some distiicts extensive Sphagnum bogs 
are foimed, and Sphatjnunb plays an impoitant pait in filling 
np pools and conveitmg them into swamps and thus pie- 
paiing the way foi the growth of vaiious bog and maish 
plants 

An inteiestmg point in connection -with peat is that in 
some places it contains tiunks of tiees, chiefly Bn dies, Pines, 
Oaks, and Willows This occuis chiefly in the valleys, but 
the distiibution of these tiees imdei the peat indicates that 
at some past time the piesent nioois boie woods, except on 
the exposed simimits, which piobably had nevei, since the 
glacial peiiods, been anything better than heath oi sciub 
The peat IS post-glacial in age, and a laige proportion of it 
has piobably been foiined within the histoiical period 

The floweiing plants found in bogs have mostly been mentioned 
ahead} , they include Encaceae (Ling, Heather, Bilbeny) , Sedges, 
Ruslies, and G-ias&es, mostly dilieient from the kinds found ui maibhes 
01 wet meadows , Bog Asphodel, Bog Oiclnds, Bog Myible, Ctiuss of 
Painassus, Bog CuK^iiefoil, Sundews, Maish C4eiitian [Gentiana pneii- 
monanfhe.)^ Bog bean. Bog Pimpemel, BnUeiwoit, Blacldeiwoib 

As aheady stated, peat is ^el} pool in available plant-food, and this 
fact laigely accounts toi (1) the xciophilous chaiactei of most bog- 
plants, (2} the piesence of insectivuioub plants like Sundew and 
Buiteiwoit in bogs 

407 Humus Plants — Some of these simpily piefei the 
humus as a medium on which to giow Others, how^evei, aie 
sapiophyLes, and use the humus as a souice of food They 
aie aided in this by the piebcnce of symbiotic fungi 
(niycoihiza) on then loots, which play the pait of loot-hans, 
and aftei decomposing the humns hand ovei all oi a poition 
of it in a buitable foini to the plant Plants of this kind 
commonly have then foliage-leaves i educed to uieie scales, 
as in the Biid’b-nest Oichid When (as in Ericaceae) the 
leaves are fully developed, the mycoiluza piobably enables 
the j^lant to absoih nitrogen horn the humus and not 
carbon 

Humus collectb in most bogs and swamps, but heie it is 
the w^atei which ib of piimaiy impoitaiice m influeucmg 
dibtiibntion 
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408. Chalk Plants. — Chalk soils aie usually diy, and, m 
cliy continental climates, plants which grow in almost all soils 
in England may be unable to develop on the calcaieous 
legions of the continent Thus Buch, Hijpeo icuni pidchi im, 
Btellaiia Jiolostea, Galium saxcdile, and Bioom aie all absent 
fiom the calcaieous Jura mountains, but glow freely upon 
the Yosges, on which the soil is foimed of decomposed 
gianite, and also in mail soils in which the piesence of some 
clay lendeis the soil more letentive of moistuie 

In the case of chalk and limestone the same iiile appeals 
to hold good as with othei soils and subsoils, i e that the 
distiibution of plants depends much moie upon the physical 
chaiacters of the substiatum than on its chemical composi- 
tion In oui moist climate we get all soits of plants on chalk 
downs and limestone hills, but still many of them show more 
01 less decidedly xeiophilous chaiacteis, and some plants aie 
lestiicted moie oi less completely to challiy soils. 

On chalk downs m the south of England we get se^elal Oichids 
(Bee, T ^ ^ "'‘■rfly, Ely, etc), Tiavellei’s Joy (in hedges), 

Basque i ^ _ Hellebore, Oolumbme, Kock-iose [Hehanthe- 

7iLU7n, small and shiubby with opp entiie leaves, laige yellow floweis, 
K 3, C 5, A 00 , G (3), ovaiy 1-chambeied), Mouse-eai, Ohickweed, 
Salad Bin net, Dioxiwoit [Ulmaria fhpendulu, Roscaceae), Dyei’s Weed 
[Reseda, a tall plant easily lecognised by its gieeiush floweis, similar 
in stuictuie to those ot eultd hlignonette), Salad Biimet, Lad 3 ^’s 
Eingeis, Biid’s-foot, Trefoil, Hoary Plantain 77iecZza, drstd 

from other Plantain's bj'- having it^ broad leaves closed'’ pressed to the 
giound), ' Thyme, Ohistered Harebell [Campanula 

f/lomeuLta • 3to The chief trees and shrubs preferring 

chalk}^ soil are Ash, Beech, Yew, Juniper, Waj faring Tree, Gneldei 
Rose, Spindle Tree, Piivet, Dogwood, Spurge Lain el 

On limestone mountains in Yoikshiie, Derbyshire, etc , there 
grow, in addition to most of thobe just enumerated, such plants as 
Rock Meadow-rue, Banebeiiy, Globe Flower, Yellow Violet, JMealy 
Primrose, Blood}^ Cianesbill [Geiatmim saiifjmneiun), Diya% etc 

409 Clay-Plants. — Puie clay does not foim a soil pie- 
feiied by any floweimg plant, and is highly unsuitable to 
most When diy a clay soil bakes haul and is almost 
impenetiable by the loots of plants, while the veiy fact that 
when moist it is highly letentive of watei lendeis it difficult 
for the plant to absoib sufficient watei unless the soil contains 
a laige amount In this case the soil is veiy badly aerated, 

SB 28 
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and lienee foi lack of oxygen the loots aie unable to develop 
to any gieat extent oi to peuetiate deeply It mixed vitli 
sand, chalk, oi hninns, howevei, the soil 1*5 much impioved, 
and many plants will suivive peiiods of di ought on such soils, 
wheieas they may peiish on moie poioiis ones Such plants 
as Lily of tlie Valley, Lessei Celandine, Wood Sanicle, Colts- 
foot, Plumose and Cowshp, Bittei sweet, Yellow Dead-nettle, 
Gallic, Eaily Pin pie Oichid, Blue-bell, aie found, in some 
distiicts at least, to piefei soils containing a good deal of cla}’’ 

410. Sand-Plants — These include (a) those plants v Inch 
pietei meiely a sandy soil, and (h) th(^se of the sea-coast 
(straiid-iilants) whicli ha\e adapted themselves to the 
piesence of salt Many such plants glow equally well in 
oidmaiy soil, but lose ceitain of then cliaiaoieiistics, and 
probably would not suivive if left open to fiee competition 
Piactically all such plants have stionglv xei opinions chai- 
acteis, foi example, leduced leaf-suiface, thick fleshy 01 
piickly leaves and stems, stunted habit, thick cuticle, deeply 
sunk stomata, etc Sand-plants, puie and simple, aie often 
veiy piickly, thoiny, 01 haiiy, wheieas liaiis aie usually 
absent 01 few in numbei on sti and -plants 

The following aie a few examples of sand- piefeiimg 
plants Moiisetail Banuiiculaceae), Siiiid Spuiie^q 

Stoik’s-bill (JEiodi'iim, allied to Geiamuno), Biuom, Woiin- 
wood, Goldeii-iod, Wood Sage 

411, Strand-Plants. — The plants which glow along oiu 
shoies, eithei on sand 01 in mud-flats (salt-maishes), aie 
sometimes called Halophytes, 01 saline-plants They eithei 
piefei salty soil, 01 giow heie because then comjietitois aic 
inoie sensitive to salt and aie unable to follow them All 
sti and- plants aie inoie 01 less xei opinions in chaiactei, and 
this IS also the case with legaid to plants gi owing on salt- 
maishes 01 muddy shoies Heie the plant stiives to 1 educe 
its need of absoibii^g watei to a minimum, so that it shall 
not absoib too much salt Hence the plants aie fleshy 01 
leatheiy, the cuticle is thiclc, the stomata often sunlcen, and 
the leaf-suiface often lednced 01 spiny Since high winds 
often pievail, the floweis aie usually small, and the seeds 
aie laiely winged, but theie aic-^ exceptions to lioLh these 
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lules tlie Sea-poppy Ikxs laige yellow fioweis, and the Sea- 
till if t lias a peisibteiit meml3iaiioiis calyx, 17111011 foims a 
fimnel-lilce wing on tlie fiiiit 

Coabt vegetation vai leb accoiding to tlie uatuie of tlie soils, 
and we find that shifting sands, &and-Lanhs or “ dimes,’’ 
locks and cliffs, shingle oi jiehble beaches, and muddy salt- 
niaishes have each then own typical plants, though tlieie aie 
of couise tiansitions fioni one to the othei 

It IS not easy to say ]usfc V lieie tlie sea-slioie begins tioin the land 
side It may be Jiinitt.d by clifis oi lulls, so that tlieie is little shoie 
and the high tides come nii the tace of tlie clifts , oi it may leach foi 
miles inland among salt maishes and ditches E\eii "when tlie shoie is 
well limited, we iiud on appioacliing it that tiees become scaiee 
(except m slieltoied inlets like tliose on the Devonsliiie coast) and aie 
usually gnai led, bent av. ‘ '' ’ wind, and often covered 

with the cliaiacteiistic the coast , the ordinary 

floveisof meadows aie laigely leplacecl by vaiious Glasses, Hushes, 
Sedges, and the topical maiitmie plants, though many inland species 
come close to the sea The opeiations of gaidening and agiicultiue 
ha\o caused nmn\ plants to take to the seaside as a ictiigc (c q Hen- 
bane, Teasel), and lia\e lemoAed plants like Hea kale ancl Aspaiagiis 
inland into cultivation f'" '' " the Goosefoot family, in- 
cluding Goosefoot, Beet, St , ' , Marsh Samphire, Oraclie) 

and Cl ULitcis aie especially V ell lepiesentccl m tho slioie- vegetation, 
but most of the laigei lamilies have seaside icpiestnlaliies 


412. On rocks and cliffs we geueially find Sea Plantain 
{Plcuitaqo ma}itima,v.^ith eutiie biuootli flesby leaves), Stag’s- 
liorn Plantain (P coioaoims, with lobed bauy leaves), 
Senrvy-grass {Cochlea) la), Samphire Yellow 

Stoiiecrop, Sea Wormwood, Sea Thrift {At}iie))a, with 
lieadb of pmk floweis), Sea Bladder Campion {Bilene 
ma'iihma), etc Seveial of these (Tliiift, Sea Campiou, 
Scuivy-giass, and Sea Plantain) occur also on bills inland, 
but not in the low-lying paits between the liillb and tlie coast 
Then \ei opinions adaptations enable them to giow in both 
kiud^. of habitat 

Tieeb aie laiely found on cliffs, but m addition to the 
plants ]ust mentioned we get many plants belonging to di}'- 
glassy pastilles (Cailine Thistle, Eock-iose, Milkwoifc, Agii- 
mony, Biid’b-foot Tieioil, Lady’s-fingeis, Thyme, etc ) , also 
plants of the shaded btieaiii-sides, which have been earned 
to the coast and find shelleied and moist places suited to 



THE ECOLOGY OF PLANTS 




th.'ir }j:io\vih (^.(‘.1 Campioii, Tloinp Ap;rimony, 0 } l 1 iis , Blue- 

lu'll, (‘h* ) 

A«vni<liiiu; i() l.lioir posli-Loii on loclcs and clitfs, the plants 
li 3 iV(' 1 (> a 1 ( >01111*^ oil almost haie lotlcs, oi in loose soil in 
(n‘viii‘h„ oi 111 s]ioH(‘ro(l noolcs where tlio falling debus has 
w e.d hoLod iiilo sod suiU'd to shade-loving and hygiophdous 
pl.nds 'riio .ui IS lairly moist owing to the cool bieezes and 
tilt' iictjumify of fog and lam, but wheie theie is exposiiie 
to lugh wuitls and salt b])iay wo got voioiohdoiis plants lilce 
lilt' urvy-giass .i,ml Sa-nqiliuo As a lulo, howevei, typical 
b.dt.j>h\tt‘s ,iit» not common on clifCs, though the beaches and 
locks .U. Ihtsr bast's ofloii pK'sont the conditions suitable for 
such pkmts, wJncli gn)w most luxmiantly on sand neai the 
sea *inil in s.ilt. ni.nshos. 

413 On sandy shores and sand dimes we got a faiily 
laigti Doia, va-iyiiig gie.itly in dijh'ient localities, and tie- 
tpu'idly inclndiiig uiio (tlioiigh oiten locally abundant) 

Sjii'lMl'S 

On lilt' s.indy slioie it.st'lf (h)so to the sea, wheic the sand 
Is h,dniitlt‘d witli stM-w.dt'i a li 1 th\ below the surface and 
(be Iiiliei IS li.ilh' to beionu' (by «ind hot in sinnmci, theic 
glow sue 1 1 pl.ints .IS Prickly Saltwort {SahoJtt hall, leaves 
(\liielni,d .lutl llt'sliy with .b small sh.irp s])ine at the tip), 
Oraclie ( st'vt'i.d sjK'eies, ollon shiubliy, with mealy 

l(M\es .ind spikt's ol sm.dl giism tloweis). Sea Beet {Beta 
niioihnm, wdli glossy ov.di' or lancoolatt' leaves). Horned 
Sea Popijy (dhtin nnn)^ Sea Convolvulus (spieading over 
llic Niinl niste.id of elinii)ing like tlu' othei Bindweeds), Sea 
Holly, Sea Purslane, Sea Kale, Sea Rocket, Sea Spurge 
{ Bitjilnn hi(t piddliif^y wifli n.ulow Ik'sliy le,iv(‘s, milky ] nice as 
in olliei Spill ges), Sea Milkwort, (‘I ( All ilu'so plants have 
lle^liN, bans, Ol U'.btheiv k'avi's, and aio oitliei .innuals, oi if 
j)eienni.il li.ive long tajnoots oi' ihi/ouK's, and aie able to 
i:\n\\ iipw.uds ibiid lluis .bvoid b(‘ing biiiu'd by the bhifting 
^.1 n« 1 

Sand dunes eoiisisl oi iidgi's .nid liollows aliovo the tide 
limit, loiined j).iilly l>y w.bl(‘r-cin leiits (iioai tlie sea) and 
p.iitU in w ind I i.ii ( lim innn sea) JSTc'ar the sea the chiei 
]>kinls loinni, be'^idi's iliohO just- lumd.ioiiod, .ir(‘ coi tain Giab&es 
.Hid till' Sand Sedg(', wliosi' ciei'jnng slimis <iiid tufted loots 
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Liud tlie sliittino baud togetliei The ihizoiue of Sand 
Sedge {Ocne.ti caenaiitfj habit like that of the Sedge sho^vn 
m Fig 60) bin lows deeply and luusin '^tiaight lines, sending 
lip aeiial shoots, which aie theieluie ariauged in lines along 
the sniface of the stmd The chief C-riasses which bind the 
sand and can withstand being biuied by it occasionally aie 
the Marram-grass {Psiniima ai ejicn la) the Lynie-grass 
(Ehjniiib) Othei sand-biuding grasses aie Sea Couch- 
grass {Acf) 02 Jij'ioii jinicetnn), and the lathei local niaiitime 
species of Phleum, Poa, P)o)}iiiSf FeshiccLf etc , Sea Bailey is 
veiy common on oin coasts, but it has no cieepmg ihizome, 
and IS an annual jilant 

The dune hollows, wheie not liable to inundation at high 
tides, often collect lam water and become pooh, coYeied at 
fiist by shiny gieen algae, y Inch make the subbtiatiiin imper- 
vious enough to letain watei thiough wintei and apiing at 
any late, and piepaae the way foi mosses and liveiwoits, 
which m tnin pioduce a taiily letentive bottom If these 
hollows collect enough water, Sedges, Bushes, and vaiions 
othei flesh watei maish plants appeal — Cieepmg Willow, 
Cioss-leaved Heath, Maish Sbitchwoit, Watei Puislaue, Bog 
Pnnpeinal, Stinking Iiis, etc If the pools aie too well 
diamed, vaiious Glasses (Ag)ostis, Ntudus, Festiica, etc) 
may become dominant, along with such plants as Stoik’s- 
bill, White Clovei, Stoueciop, Silveiweed, Eagwoit, Ling, 
Bell Heath, etc 

FiiitliLi bac.k fioiii the ^ca the chine'i l)ecume nioie fivcd and also 
lc^ oiled yind, lain, and labbits, i places line golf- 
ing tmf Hole \\c get a \egetatioi I type, including 

vanou'i (.liasv,es (Cuck\ toot, Rye gi Fescues, etc ), 

\\ itli Field Woodi iisli, Bn d\ lout Tj , . • orse, Bi ambles, 

Fett;s Wlim, Medicks, Clovei s, Biunet Rose, Silver y ued, Red Centaiii^' 
[E/ f/thi cua a Contian y itli pink iiou eis m nies), Th-\ me, Ling, Milk 
yoib, Heatli Bedstiau, Stuik’s-bill, Suiicl Dock, Miltoil, Ragwoit, 
Cat’s eai, All turn n Hau kbit, Scentless Mayweed, Speedwells, btone- 
ciop, Dog Violet Hound’s-tongiiej Vipci’s Biigloss, and manj herb- 
aceous and low-gi owing plants 

414. On shingle and ijehhle beaches theie is usually 
a lathei limited vegetation, and most ot the plants have long 
loots which cam each the moist bOil below the pebbles, hfeai 
the sea we usually find vauoiis Oi aches, Sea Beet, Saltwoit, 
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Sea EockeL, Sea Spuige, Sea Holly, Sea ConvolvuliTs, eic , and 
fuither back come vaiioub plaiitb wliicli aie not confined to 
the seaside, but giow on stony places inland as y^ell, e q Eest- 
baiioy% Goise, Bloom, Dyei’s G-ieenweed, Silveiweod, Burnet 
Eose, Caihne Thistle The Sea Bladdei Campion is a cliaiac- 
teiistic plant on most pebble beeches 

415. Salt Marshes oi iiiiid-flats occni chiefly neai the 
mouths of iiveis and along esliiaiies and cieeks Tlien vege- 
tation IS, on the Avhole, distinct fioin that of sand dunes, 
though a few plants occui in both sand and salt mud, e ij 
Sea Milkwoit, Sea Plantain, Tliiift, Sciiivy-giass, SaltAVOit 
Gi^ass-wrack (Zustoa) glows not only between the high 
and low ticle-maiks, but often to a depth of thiity feet, foim- 
iiig a gieen submaiine meadow among the blown seaweeds 
(Bladdei -wicick, etc), its matted ihizomes binding the silt 
while its long leaves float in the WMtei The typical salt 
maish plants, howevei, grow wheie subuieiged only by high 
tides, 01 a little above the high tide-maik 

One of the most chaiacteiistic salt maish plants, gi owing 
]ust above high tides oi paitially submeiged, then, is tlie 
Marsh Samphire { Sal t co) )na, oieeii oi leddish cvliii- 

diiial Ilesh> luiiited stems, the leases being i educed to small 
0]>pi>situ lobes at the pints wheie also tlie minute fioweis aie 
])ioducod) A little liighei we iismilly find Sea Sweet- 
grass (Ghfooiit nuiiitnna), Sea Ai*rowgrass (Tiu/Jodun 
mu) itvmiLuo, with long naiiow iiebhy leaves in a losette and 
a long floweiing-stem ending in a lacenie oi ^ellow-gieen 
jloweis). Sea Blite {Suaeduy allied to Saltwoit but leaves 
soft .md fleshy and not s^piny at the tip), Scurvy-grass, 
Thrift, Sea Lavender (Statacr, with ciee]}mg Avoody ihi/ume, 
LiiK'eolate leaves in a losette, pm pic floweis in a cuived 
coiymb), Salt Spurrey {Speiquhn }a manna), Michaelmas 
Daisy, Golden Samphire, Sea Plantain, Beet, Sea 
Wormwood, etc 

Some oi the salt maish plants evtend a long Avay up 
an esluaiy, oiteii foiming extensive ioe<l-beds, the dominant 
plant in whicli is fiecpiently a vanety of Bull ash {Scui^us 
la('uU)ib), and mingle with vai ions maish plants Avhich can 
stand a ceil am amount of biackish Avalei, but aie finally 
leplaced by the oidinaiy fiesh water maish phinls 
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416. Woodland Vegetation. — The vegetation of a wood 
coiibi-^tb of (1) the “canopy ” oi foliage smface of the clominant 
and siib-doimnant tieesi tliem&elveb, (2) the “iindeiwood” of 
bin 111 and small tiees, (3) the iindeigiowtli of heibaceoiis 
flowoiino plant',, (4) the caipet of mosbes, liveiwoitd, and 
fungi, (5) the bhiidjh^ and heibaceoiis plants at the edges of 
the ■w'ood, and finally the veiy inipoitaut hut often ovei looked 
teeming population (vegetable and animal) of the soil itself 

A wood IS a veiy complex ^fiant community, showing much 
gieatei division of labour and specialisation among the con- 
stituent plants than IS seen, foi instance, in a niooi oi a maish. 
Theie is a keen stiuggle foi existence, yet each plant has its 
own special woik, which one might almost say benefits the 
wood as a whole as well as itself Tlie foimation of a wood 
can only take place if the conditions aie favourable with 
legal d to light, moistuie, slieltei, and soil, while the climatic 
conditions in a wood dift’ei maikedly fiom those obtaining in 
open count ly 

The moie decidedly \ei opinions tiees, such as Pines, can 
glow in pool shallow soil, but most deciduous tiees lequiie 
iich and tairly deep soils, winch have to he piepaied before- 
hand by the giowtli and decay of successive generations of 
smallei plants, whose dead and decayed lemains form the 
beginning of the humus essential foi the eniiclung of the 
soil In high places full}^ exposed to wind, trees aie either 
absent oi stunted oi glow in a distoitcd mannei, which shows 
cleailv the diiectioii of the pievaihug wind 

Light IS one of the most impoitant factois in the biology 
of a wood It lui.s been stated that the light intensity m a 
Biich wood in summei is about one-fifth that of full daj^- 
light on a sunny day, that in an Oak wood about oue- 
twenlietli, and that in a Beech wood one- eightieth, but the 
lesults obtained with pliotogiapliic papei (Art 124) ot 
course vaiy gieatly, owjug to clilteiences in habit ot the tiees, 
then closeness of giowth, etc Howevei, woods coiisistiug of 
Beech, Sycainoie, Ash, and Elm may be called shade aieas, 
while those consisting of Oak and Birch are light aieas 

In the foimei cases the tiees, especially the Beech, by their 
dense blanching and close leaf aiiaiigement, casta deep shade 
111 which few othei tiees oi shiubs oi evenheibs can giow, the 
seedlings of all except shade-endui mg plants being killed oft 
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In the lattei case the trees liave a less peifect leaf -mosaic, and 
while aftoiding piotection to the iindeigiowth admit a largei 
amount of light The diffeience in the amount and vaiiety 
of undeigiowth in a dense Beech wood and m a well-lighted 
Oalv 01 Buell wood is veij sti iking (Figs 180, 181) , even 



Fig IbU —A light iiiiveil uood (Lhielh Bnch), hhoMing donae undeigiowth of 
J3i amble, etc 


undei a small clump of Beeclies, or a single laige Beech, there 
aie veiy few plants The stiuggle foi existence in a wood 
IS laigely a stiuggle foi light 

In woods the an tempeiatuie is slightly below that of the 
open countiy, and the daily teinpeiatiue changes aie less 
pionounced Owmg laigely to the slieltei fiom wind, the air 
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IS moister, so tliat -w^oods letaid evapoiat.ion oJ[ lam -watei 
The den^iei the yegetation the greatei do these climatic diffei- 
eucBb hecODie , the oldei the tiees, the closei then giowth , and 
the gieatei the piopoition of shade-castmg tiees (eq Beech) 
m the wood, tlie moister is the woodland atmospheie and 
soil 



Fig ISl — Beeuh woocl sccinty uuclolglo^^ t!i 


Woods aie usually djslinguished hy uaiuing the dominant tree, 
which laigely oi entiiel} makes up Uie tall vegetation, and to a huge 
e\tent the chaiactei of the tiees depends upon the soil In -vvet soils 
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we ( liR'lly Aliloi and ^\’’lll(lw thicKels, \Alnle in pooi soiK (eithei 
diy and lucky oi moi^li and ]RaL^) Llie Biicli tlounslies In sods not 
loo inoisl and ))uui we get Oak woods and w^oods of mixed deciduous 
lui‘s lleci h woods aio clneMy found in the 'southern half ot England 
on ilialk , elsewheic the lice lias usually been planted by man Ash 
w'oods al o otciu { hiell^ on limestone JTa^el copses aie laigoly iound 
in ])hu( s wdioie tallei tiees ha\e been cleaied away, as well as on the 
edges of Oak find olhci woods In boggy places and along sti earns we 
get iiatches ol Bog Myitle , on giavelly and sandy sods, especially on 
heaths, extensive “sciubs” ot such xeiophdous slnubs as Goise, 
Jboum, etci , and so on 

'riie underwood \aues gicatly " , . . "e cast by the 

douiinant line oi tiecs In open undeigrowtli 

{ oniposed hugely ol Rosaceous plants like Biambles, Raspbeu^^ Roses, 
Mo(s Rou'an, Maw thoi ii, Ciab Apple, Wild Ghe^l 3 ^ Gean, Biid Cheiiy'-, 
also Dogwood, Aldoi, Buckthoin, Spindle Tiec, Gucldei Rose, Wav- 
biiing 'Piia, Eldei, Holly, Piivet, etc, besides climbeia {chiefly 
lioneyhiukli and Ivy), and sometimes intioduccd fdants like Maples, 
lahu, Lahunuim, Rhododeiidions I'hc undciw uod becomes muie and 
moles 11' the tiees aic togcthei or the gieatei the xnopoi- 

o ' ‘ g M'ees like Beech, until m a pure Beech wood it 

(bsajip . 1 - . . ^ . ' or IS lepresented by Honeysuckle and a few 

IbamhleH, besides seedlings of the Beccli itself 
The lieibaceous undeig'iowth of “wood flooi ” plants vanes in 
abumhiiK (‘ and variety wnth (1) the amount of shade cast by the tiees, 
(J) llu naliiM ol tho soil, especially astomoistiuc and depth ot humus 
Till imount ot siiade ni itsclt has a great ellect on the pioductioii ot 
Iniimis, iind Ininiiis inei easts the ^ ^ i ty ot tho ^od 

'The ( hiel [looi plants Iniiiid in woods (e q Oak 

woods) nil liiih vauous Glasses jmuku^ J/z/uo/g 7’o«, 

III (it hqpod iiun^ IlohuA vwllis^ etc ), Laige AVoodiush, 

Iduebe” T ' ’ ’ 1 , (JaihCj Haflodd, Bistort Polygonum, 

AVood ' Red Campion, Milk Vetch, Bitter Vetch, 

Wood Pi a, ''I’ubeioiis Pea, Pignut., Tiading St Joliu’s-w'oi t, Sw'eet 
Violel, Eiiilumlei V j i k D . \s Mclcury, Wood )Sxniige, Wood 
iSoiiil, Sanii h , . ' Pi i ■ Yellow Pimpernel, Ivy-leaved 

Iliutbell, Wood \\ omiiiWDi 1 , ' . i i G tldeniod, Wood 

ilaw'kwiid, Saw^-WDii, Wkiod * local in distil 

hution but almnihnit in many distiicls aic such plants .is Solomon’s 
Sisd, Slai ol Bethkliimi, llellebonne ’ White Helle- 

1)01 nil 1 r/), Mdilaiy Ouh • iids 

t)l the I'Vi ns, Hiaekin on ms clnetly in (by wmods, oftmi aecoiii 
lianied by Ling, Ikll lUath, Bilbi iiy, Tonne ntd, Ikath BciKt law , anil 
xeiojiluious Glasses (..Dn/, ete ) , w^lide moist woods bavi‘ a gnat 
\aii(‘(y of Kiuns (lauly, Beei b, .ind O.ik Emis, ete ) otu n with Poly- 
})oily glowing on tlu tiee branches along wnlh the epiphy hi lichens 
and mosses , in ih(‘])ly shaded wsiods tlu Biaihcn ilisa])])cai s 

As the shade nieioisi's tlu* numliei of flooi plants bills oil, until m 
a tb nse P»(‘ef b wmod w^^ gel, besides Beech seedlings, only a few' shade 
enduniig plants like Sanicle, Woodiiisli, AVood vSnnel, etc , and in the 
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deep iicli humus the BiuVs-neat Oiclnd& and tlio Bud’s-nest — both 
totally sapiophy tic plants (Ait 23S) 

It M ill lie noted that must ot the a\ ood-flooi plants liave long eieepmg 
iliuonies wliicli Iniiiow’- in the humus, oi slioit thick ihi7omeg giving 
ofl. inimeioiis slendei loots, oi bulbs which glow deeply (being pulled 
doun by the contiactile loots) The humus, peiineated with the loots 
of the iuoie shallow-iooting tiees, cieeping stems and loots, and 
hingiis thieads (in shaded w^uods the thick humus lescmbles nmsliioom 
‘‘spawn ”), is occupied at dilSeient depths bj" these ihizoines and bulbs 
Foi instance, YuikshiieBog, Blacken, and Bluebell often glow togethei, 
but the ihizonies of the glass aie just below the surface, those of the 
Blacken cieep at a low^ei level, wdnle the Bluebell bulbs aie diagged 
dow'ii doepei still b}' the contiactile loots (Fig ISi) , the same aiiange- 
meiit liolds foi \aiious othei gioups of plants occupying the same soil 
111 this paiticiilai case the Bluebell and the Yoikshiie Fog glass send 
up then aeual dioots in spiing, hefoie the Blacken has spread out its 
laige lea\ es 

It IS inteiestmg to watch, at iieqiient mtei\ah, the succession of 
ilowreis in a w'ood thioughout the 3 ''eai, ebpeciallj'’ in spring and eaily 
siimmei, paying special attention to the oideily maich oi the spimg 
flow ei 61*3 and to the iindeigiound lite of the vaiious plants in the 
ciowdedsoil The succession oi spiing-flow eib, befoie the tiees and 
undeiwuod shuiljs ha\e expanded then leaves, is lOUgliB" as follow's 
iSnow'diop, Bog’s INIeicuiy, AVood Anemone, Wood Spiiige, Tooth woit, 
fe wee t Violet, Bluebell, Piimiose, Wood Sorrel, Gaihc, Yellow^ Aieh- 
jingcl, Goldilocks, and so on 

Bo not leuuiin satisfied wath meiely obseiving the oidei of appeal aiice 
of these plants, examine then undeigiound paits and ti}' to find out 
irhy eacli appeals at the lime it does, how it is enabled to flow'ei eaily, 
how it competes with other plants occupying the same soil, and wdiat 
ad\antages it gams by its appeaiance betoie or aftei its competitois 
Light, nioistiue, tempciatine, habit ot grow'th, and the time of appeai- 
ance of insects m the case ot insect pollinated flow^eis, aie among the 
many factois to be consideicd Foi instanec, plants wdneh can endure 
dense shade, r r/ Sanicle, can alluid to come up later in the yeai , Blue- 
bell, Ballodil, and some othei eail 3 ' llowcieis have almost untieezable 
-•ap , the Blacken can lapidly o\ ei grow' and (u ei shadow low -giowung 
plants with its huge spieadnig leaves , and so on 

On wood-edges w’’e get many small tiees, besides sliiiibs and lieibs, 
which thine bettei theie than iindei the shade ot the tall tiees Note 
the convex lounded outline of the foliage canopy at abiiipt edges, 
c (} wheie the wmud is tiaveiscd by a wide luei oi abuts on open 
Gountiy , the ovei hanging blanches o\ ei a load oi a stieam , the moie 
[H. til . 1 I III hill, ot the tiees at the edge ot a wood or clump, as 
( 111^11 1 il nil. til' less-branched stems and umbiella-like canopy of 
the trees iiuthei m Plants like Foxglu\e, Agrimony, A\en3, etc , 
giijw' commonlj at the edges of woods Tlie \egelation of w'oocl edges 
show's miicli tlie same succession ot plants as in the wood itself when 
trees are blown oi cut down and moie light is thus admitted , xve get 
hist hei baceoiis plants (Bluebell, Red Campion, Wood Anemone, Wood 
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Soiielj etc), then tallei lieibs like Fo\glu\e ind Angelica, then 
&hi lib's (Brambles, Rose's, IlaAithoin, Rowan, etc ), tlien Bnehes and 
othei tieca 


4 : 1*7 Spiing floweiiiig* Plants —We ha\e studied many plants 
winch fln^\el in spiing Most ot them aie peiennials, but a tew 
ainiiiaK flowci in &piing and cail} sunimci, l (f Slicpheid’s Piiise, 
Gioimd&el, Chlck^\CLd (these thiee plants, as well as sevcial specie'^ ot 
Speechiell, tiowci also at othei times ot yeai), Haiiy Bitlciciess, 
Veinal Whitlow, Wall-rue Saxifiage, and a teAV le-s common plants 
In sLud;^ing pcieniual spiing-floweieis you ^^lll notice that they stoie 
up tood in ihi7omes, Inilhs, conns, oi root tnheis , that man> ot them 
glow in m^oocR ol ui hedgeious, nlnch latci in the "^eai aic otteii 
densely shaded Iw the toliagc ot the tices oi sluubs , that then ]lo\\eis 
usually eitliei dioop oi peitoim closing ino\emeuts at night and m 
had -w cathei 

Man 3 '’ of the eaily flowers ot spring in this country aie garden 
flowers only, c if Crocus and Winter Aconite Others, e r/ Siiow'’drop, 
Dafloclil, (Sweet Violet, are grown in gardens, but also occur in habitats 
wdnch make tlieii garden origin much moie Cjuestionablc Among 
wnld heibaccous pciemnals that fio-wei in spring arc Cuekoo-pint, 
Bluebell, Bar W Purple Orchis, Field Woodiu&h, Broad leaved Wood- 
rush, Gallic, Lesser Gelaacline, Goldilocks, Marsh IManguld, Wood 
Anemone, Pasipie Flowei, Red Crimpion, Stitch w'oit, Cuckoo-tlow^er, 
Vlolet‘^, scNCial S])ccdwells, Dogs Mcicuiy, Wood Spurge, \^'’ood 
Sorrel, Wild Beaked Pai'^le^, (ioldcn ^avitiagc, MoschaUl Heih 
Rolieit {(lUnuiDUU t ohdi ffctiut/ii), Giound 1\ ^ , Red .lud \\ hitc Dcad- 
ncltlcs, Yellow' Archangel, Coltsfoot, Buttctliui, Dai-'^^ , Dandelion, 
and inanv moie 

Maii}^ ot these glow in w'oods, ])i()tectcd tiom cold, wind, and snow 
to some extent, and ilowei eail\ liefoie the shade ol the leaf canopy 
o\cihcad cuts oJl then sliaic ot light Insects, too toisake Llie w'oods 
to a laige extent wlicn they liccoiiK' denscU shath d in siinmiei 
Floweiing so caily in the uat, the pLints must diaw' upon su]»ij1ks 
ot food made dining tJu ])U\ioiis glowing season In then toluige- 
loa\es and stoied up undeigioiind in iln/nnics, luilbs, tuheis, etc 

Among tioes and sluubs which 1 m\c sjniiig lloweis tin Ifa/tl and 
Alclci arc iisiiall} Inst Other spi mg How ciing British tn < s and 
shiulis are S])iug(‘ Lauicl, Ihitchcrs Bloom, Aspin and othei l*o])lais, 
Willow's, Goise, .Sloe, Wild Chen V, Box, Dim, ctr Among cultnatcd 
spi ing-iloweiLis arc Alinoiid, ffasinme, Fm ’^//fJitrt^ Flowering Cuiiant, 
LauiuHtinus, Jaxjancse Quince, Magnolia, etc 


418. Hedges — Mauy shado-planf s yioty m lied|^orows, tlie 
floia oi -wlndi jiiesonts seyeial niteiosliiig featuieb At the 
top oi a liedge-Rank the light i!s veiy ieeble and tlie soil 
Nowall plaiitb wlijch giow in di y soil ie([Uiie plenty 
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of liglit, so tliat the only plants which can develop at the top 
of the hedge-bank aie eithei plants mth long eiect stems, 
such as the Hedge-must aid, Nettle oi Thistle, oi climbing 
plants such as Convolvulus, Hop, Clematis, G-oose-giass 
Lowei dovm the hedge-bank, wheie theie is moie inoistuie 
and hght, a gieat vaiiet}' of plants may develop, while in the 
shady ditch beneath we find vaiious aquatic, amphibious, and 
maibh plants 

The hedge itself most commonly consistb of Hawthorn, 
but often of Groise, Bramble, Sloe, oi of small tiees like 
AYillow or Hazel These have usually been planted, as have, 
of coiiise, the hedges consibting of shiubs like Lain els, 
Piivets, Ehododendion, etc, aiound paiks and plantations 
Why do hedges need to be pinned oi “ cut back,” and what 
13 the effect of this opeiation^ Notice that plants like 
Dead-nettles, Yellow Toadflax, Campions, Stitchwoit, when 
giowmg close to the ha^vthoin (oi othei shiiib forming the 
hedge) push up between the bi anches and have long weak 
stems, although the same species, when giowmg some dis- 
tance fioni the hedge, has shoit eiect stems with closely 
aiianged leaves Cases like these suggest the way in which 
plants, oiiginally eiect and self -suppoi ting, may have become 
cliuibeis thiough lack of light ancl the piesence of a suitable 
suppoi t 

It IS very interesting to compaie the natuie and geneial 
appeal ance oi “habit” of the plants giowmg along the 
north and south sides of a hedge which luns east and west 
The south side is, of coiuse, waimei, diiei, and leceives 
moie light, and vaiious plants giow on this side that 
eithei do not giow at all on tbe noith side, oi are found 
there in smaller nunibeis, and showing less luxuriant 
giowtli In the same way the tiunk of a tiee which is 
giovung in an open situation e not among othei s in a 
damp wood) genei ally has its moistei noithein side covered 
with a gieen powdeiy Alga {Plemococciit,, which is so 
common on ti links and palings) and with vaiious Mosses, 
Liveiwoits, and Lichens, while the diiei south side is 
usually quite baie In a damp wood the tiunks and 
blanches of the tiees aie often thickly coveied with these 
“epiphytic” plants, often also beaimg Dei ns (especially 
Pol) pody) 
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111 liiglily cultivated countries the liedgeiows foi in one of 
the most impoitant lefuges of the oiiginal -wild plaut^ which 
coveied the countiy betoie the advent of the plough The 
other chief lefuges aie by the sides of sti earns, in stony waste 
places, and m peimanent pastiiies 

419. Field Observations. — It cannot be too stiongl) in- 
sisted upon that outdoor obseivations aie absolutely essential 
in studying the distiibution of plants and then adaptations 
to envnoninent To study this biaiich of Botany, i e Plant 
Ecology, with success it is necessaiy to have a good geneial 
knowledge of Biitish howeimg-plants, which can only be 
acr|uiied by collecting and identifying, as fai as possible, all 
the plants met with At fiist attention may be confined to 
the commoner plants and to tliose which show weli-inaiked 
adaptations to then envnoninent, and which occiu chiefly 
m shaiply defined “ plant associations,” e g watei -plants, 
heath -plants, coast-plants 

The student cannot do bettei than begin field obseivations 
on some definite and faiily umfoim aiea (eg a sea-shoie, 
pond, maish, iivei-bauk, heatli, coimiioii, luooi , meadow, 
cultivated field oi gaiden with its weeds, hedgeiow, wood oi 
plantation with its tiees and undeigiowth, etc ) Study this 
aiea at all times of the yeai, identity as many of the pLints 
as possible, and keep a caieful lecoid, with sketches, oi youi 
obseivations The following hints will suggest the main 
lines on which the inquiiy should be conducted, otheis will 
occui as youi field- woik pi ogi esses 

1 Physical and climatic featmes of the aiea under obsei va- 
tion (e cj chemical and physical natuie of the soil , whethei le- 
tentive and ill diained oi poious and well diained, height above 
sea-level, e\posuie to, oi sheltei fiom, light and wind, etc ) 

2 List of the most abundant plants in the aiea, with 
notes (and sketches) on the following points in each case 
Gfeneial habit and mode of life (whethei aiiiiiial, peienuial, 
elect, ciee^iing, climbing, xeiopliylic, aquatic, sapiophylic, 
paiasitic, etc ) , size, foim, tevtuie, etc , of leaies , stiuctuie 
of fioweis, with special leteience to mode of pollination, 
stiuctuie of flints, with special lefeience to mode oi seed- 
dispeisal, quantity of seed pioducecl, etc 

3 Beasons why ceitain species aie piebout iii the aiea 
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undei consideiciitiou aud absent lioin neigliboiuiug aieas, 
and -oice To deteiinme these, coiiipaie the phvbical 

featuies of the ditfeieiit aieas, and try to niaj) out the 
whole distiict into legions chaiacteiised by dehnite plant 
associations, winch will, of coui&e, be found to ineige into 
one anothei at then edges 

It need haidly be added that the sub]ect of Plant Distii- 
biiiion cannot be uiasteied by ineiely comuiitting to luenioiy 
lists of plant-names It must be appioaehed in the spiiit 
of obseivation and mqiiny, and the pioblems it piesents 
answeied with lefeience to the student’s knowledge of the 
Sti Lie tine and Physiology of Plants 

420, Vegetation Survey Work, which has been earned 
out in yaiious paits of Biitani,^ should be attempted by the 
student on a small scale at any late 

Get the Geological Suivey Map of youi immediate neigh- 
bouihood, to leal 11 the chaiacieis of the undei lying lock, and 
the sheets of the “ siK-inch ” Oidnance Suivey toi the distiict, 
giving the heights, etc 

Visit the area at inteivals thioughont the }eai and make 
lists of the plants found The vaiious Plant-Poimatious 
and Plant-Associations can he shown on the “ six-inch ” map 
bv means ot letteis, nnmbeis, signs, oi lines, oi by coloiiiing 
with pencils oi watei-coloins 

The smallei plant- coinmuuities aie called associations, 
wlnle formations aie laigei units each consisting of a gioup 
of associations 

While these teiins cannot always be shaiply defined, Di 
W G Smith' gives the following illustiation — 

“A natiual wood consisting eutiiely of oak-tiees bas one 
dominant foim — the oak — whose piesence is detei mined by 
the pievalent climatic, soil, and othei conditions, while its 
size and giegaiioiis iiafcuie give it dominance, in this wood 
theie may he othei sub-doininant tiees oi shinbs {eg hiicli 
01 hazel), moie oi less isolated, but winch, given the oppoi- 
tunity ]>} lenioval ot the oak, Avili become dominant foims, 


' Sec p.ipcis l)y Smith, Moss, rviiiikin, Leu la, and otliei^, in \aiious 
peiiodiCtd‘= (f M,' • ^011/ naif Phijtolvcjisf, Natutalial ^ etc ) 

- NlW ]' I'lM . 
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the motley caipet of tlie oak-wood is made up of many 
species dependent on tlie laigei foims for slieltei and shade, 
01 living as epiphytes, paiasites, and liunms sapiophytes, 
and including not only flowering plants, but feins, mosses, 
hchens, and fungi The vegetation of the oak-wood is thus 



1S:2 Hnil, tthowiTiff liow Yinlcaliiiu (Juihk, Uiaikuu, anil Hliiobol 

Ji\ii iDj'utluji , llusn uiuluiKiiMiiul piuLh .iL ilillojuiit iloptliw 

a ini\od coimmuiity wilh complex lelationships, its inombeis 
Hi, niggling ioi (‘XJsiom'G and doiuiiianco, hut it is a coheient 
wliole and m.iy he studied as a unit oi Foi malum 

“ Within the limits of a I'oiniation, tlioio evist smallei 
societies, (Meh one with dominant, suhdonimant, and de- 
pendent species of its own Thus the undeigiowth of an 
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ualc-woud nmj cou'r>i&t ot a Ptnis-SciUa-HoIcus Association, 
m winch Biackeu, Blnebell, and Yoikslnie Bog togetliei 
co^el a laige aiea (Fig 182) again it may be a Calhma- 
Facci/i??6/i/ \Heatliei and BilbeiivJ Association, oi one of 
sereial otheis ” 

Di Smith gives the iollowing specimen list of plants in a 
sinve} — 

“ Lai (-h- wool!, with a fev Spiiices, tiees about 70 feet high 
and fiom (3 to lO feet apaii , two distinct associations found 
— CcdlinKt and Blacken, tlie lattei in hollows, the foimer 
occup 3 ing the laigei,moie level fiooi of the wood Soil — 
thin peaty humus, oveil}ing Liassic Limestone, 650 feet 
alt , CJevelaiids, W Yoiks 

Galhnta Association 

Social species 

Dominant, Calliona vtdgitt is 40-50%) 

Enuc cuit^Kiti 20-30% ! about 70%^ 

Sub-doinmanl , VurrunaiiL laijitiUm 5-10% ) 

Ee^fam oi ma 
Alia flevitosa 
Affiastis v/ih/a'i IS 
Anfhom nth n ill 

Isolated species 

Chaiacteiibtic — Pottutdla foimenfdla, Galivm saDcatde, 
Omlis acetubdJa, etc , m deci easing abundance 
Spoiadic Canluu'^ awensit (fiom faim-land) ” 

Olhei well-niailced loi motions aio (1) deciduous woods, 
e (f Beech, Oak, Biich , (2) coniferous woods, e ij Scots 
Pine, (^3) \ei opinions, heihaceous, and uudeisliiub vegeta- 
tion, eg heathei mooi, cotton-sedge inooi oi moss, gi ass- 
land (on chalk downs, etc b giass-heatli (glasses like hnuliis 
mixed with such lieath-planls as Ling, Heaths, Bilbeiiy, 
etc), (4) inaiitime vegetation, mchidiiig sand-dunes, salt 
maishes, shingle beaches, sea-clifts 


* These pci cerifcages iiie cslnnuled by eye accoiding to the piopoi- 
tioii of gioiind in a small sample area GO\eied by thediUoient fuim-i ot 
vegetation 


about 30^/o' 


s B 


29 
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421. Zones of Vegetation in Ponds. — In btudyiug tlie 
■\eyelatiou m pond'^ and &ti earns, note how the diifeient 
b.pecies tend to be anau^ed in zone'!) The auangenient 
diJfois conbideiably in ditteient pondb and stieaius, each 
havino pecnliai featiues o± its own in many cases, so that 
heio (a-:, -willi otliei plant societies) I can only indicate the 
kind of thing to be looked foi by the student 

On the inaigms we get the Keed Swamp Association, 
con&ibliug ot‘ plants looted m the mud (usually with cieep- 
ing ihizomes), -with then leaves and floweis above the watei 
The most cliaincteiistic and siicce&siul‘ social” oi giegaiions 
S 2 iecieb aic those with long eiect lea\es, eg I) is, Tiipha, 
SjiccHftuLi iini, T) {iflocliin, Ghjcena cuiuatica, Diifuipliib, Fhrag- 
Euslies {Jinicii^), and Sedges The Watei Plantain 
and the Aiiowhead have bioad leaves, but these aie longei 
than 1)1 oad and assume a moie oi less eiect position, how- 
ovei,tliesc two plants aie not veiy successful social sjiecies 
In this association aie also included such plants as the niaisli 
Iloisetails, Maiostail, Watei Diojiwoit, Watei Docks, Puiiile 
LoosestiTfe, etc 

Tlie Floating-Leaf Association, fuithei fiom the bank, 
nicliulos lit‘0-tloating plants like* Duckweed and Fiog s-bit, 
also vanoiis looled t^lnnts like Pond weed, ’Walci CioAvtoot, 
W.dei -lilies, ele The Submerged-Leaf Association is 
best, developed in iaiily deep watei, es^ieciallv when the 
ciect.-loaved leed-swam^) pLinls aie not so abundant as to 
2 )iovent enough light fiom enteinig the watei The Marsh 
Association Jias aliCiidy been dealt wiih (Ait 402) 

The following is a descii^ition b}^ Di Smith of a senes of 
2 xuids at Piley, Yoikshne — 

pond (Pig vas lillcdvilh \cgLlaliuii At the soullicm 
end an inllow is shown, wlucli was hiiiignig in walcL when wc saw it 
Pioni the ippoaiaiice ot the rhannel, it docs not ahvays contain watci, 
and only acts as an ovcillow to some othci pond in the same tioiigh 
At the noithcui end theie is ,in oiiUlow^ dejncssioii, wdimh acts as an 
ovcillow channel to this pond 'the w'dlci is inobably dciived fiom 
auiiacc dunnage, eveept in lain^ seasons, when thcie will ho some 
mnow at the soiithoin end, and the pond will attain its ina\imiim 
deplli w^liLMi the wmtei begins to pass thiough the o\ei(low^ 

'J’he plants aio aiuinged ni foiu wcll-maiked zones ^i) a maiguial 
zone of tallei species of Rushes [J uiiLiib) , (h) a /onoot Y atei Diopwoit 
[Oeanthe Ublidoba), mixed wnth Watci Plantain [Alisma PlanLaijo) at 
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the soufcliein end, (t,) a zone of Bui leed {Spif) gumum) also mixed 
with Watei Pldutam , [cl) a cential patch of PoiKhveed [Potamogeton 
iKUaub) 

The Pond weed lies in the ceiitie towaids the iioithein end, its 
lea\e3 weie laige, and with long leaf -stalks, such as occui in deep 


N 



? 

f 

'I/ 


IJui iatji.1 
Punchy eed 

Wiitei riiintam 

Vatei Dioiu^oit 

Tall Rushes 
{Jv tin's) 


Fig 1^3 —Zones of Vegotitiun in n roiul 


watei Fioni tins we suspect that the Pondweod occupies the deepest 
part ot the pond lu consecpience ot the eikcentiic position of the 
Pondweedj the zones ot Biu-ieed and Diopwoit aie naiiow at the 
noitliem end, but they aie shaiply defined Towaids the southern 
end both plants lose tlieii zonal aiiangeiiient, and foim masses 
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Lxtiiudnig luiuss the ptnul The JJiopwoit, liowc\ei, is ahiaj'n neaiei 
tlie slune Uian tlie J-Jui-iLud It iiiav^ tliLiefoLe, be mfeuecl that the 
Jhu iLuI piLliis detj^jei wiiU'i tlian tlie Biopwoit 

The W.ilti rkiiiUuii does nut loiiii masses like the othei plants, 
blit occins singly amongst the JkupM^oit and the Biu-ieed , it is not a 
social spctics, wheicas the othei plants shown aie social It is a 
teatuic nt social species of plants lhat they can glow closely together 
as a mass, and hold then own inoic oi less , ^ " »st all 

(omeis One can appiceiate this in the case * With 

i(s biuail floating lca^cH lying edge to edge, oi oveilapping, so as to 
(Kciipy the liole suifaco and shade the liottom, thus checking the 
giowth ot of hoi plants which nniy ti}^ to glow helow tliem Ainuiigst 
tices, I lie' l-lcech is one ot the best e\amplcs ot this kind ot social plant 
'I’he I)i(>])WS)it, I 3 ui iced, and Kushes aic also social iilants, and it 
is noU'WoiLhy that tlieii long, slcndci, elect leaves aie sinulai in toini 
to (li(‘ (basses wdiieh on land aie amongsl the most successful ot oui 
HO( lal plants Just as the Cbasses, with then closel^^ inteiwoven 
loots aiul stems undeigiound, and then close, eieot, leafy shoots 
aljo\e giouiid, laii keep in chock the giowth ot othei plants and 
niaintain a close swaid, so iii oin pond the JJiopwoit, Bin leed, and 
BuhIics maintain Llicmsihes in distinct zones with little nnxtiue 
The Diopwoit is not ([into so successful as the otliei two, and amongst 
it plants ot AVatei Blantaui ha\o found a place and have also succeeded 
111 gaining gioiind ni the closei Bui-ie'cd /one 

Tin Ming nnw'" to tlie lUislits on tlie maigiii The Kushes foini a 

(lose wlU 111 II ki d /(till , w Inch at the time ot uui \ i sit wais standing in 

wsiIm and then lot t Ininud pai t. ot the pond \egclation Out ut the 
wati 1 tlnie was liowevci, no hCiiicity ot Hushes, and tiom gcneial 
expciie'iwe mosl nl us would icgaid tin Kushes .is ])lant 3 ot the maish 
lallni than walct plants I’lit' Kusli /one ot tins pond thcictoie 
nidnaU's (hat pai t ot the m.iigin whicli is only occasionally undei 
A\alt‘i, and is gi ms ally maish 

I‘’ioin this one may mtei tiiat tins pond, aw a lule, contains less 
w'atei ih.in wlnii we saw^ it It lias a inaMiiiuin dc'pth which is 

deleiniiind liy ihc mil ot the oulllow channel ''I'he ebl) evLenda at 

hast tn the lowei maigin ot tdie Kush /one, but the JDiop^voit, Watei 
I*lantaiJi, and Bin u ed aie all plants w^lm h may gio’win a wet mainh, 
and il. IS piobable 1 hat I Ins is the dioughl c ondition ot tliat pait ot the 
IHinil nteupii'd by these jd.Liils Idom tin apiieaiance ot the Koiiel- 
wecslwi should sa^ I lial its an a is nc\ c i (piiletiee tiom standing watei 

Fig IS! u[)ieMents what has iicin a jioud, but is now' so diy that 
il migbl bi (Use 1 ibed us a diy niaisli '^I'hc shape ot the hollow isjike 
thal.c^Mlii It in^ ponds, and 1 liei e IS a (lisLiin t outflow Lhannel 'I’lieie 
IS also an iiillow' ilianiul ot tlio kiml seen in Fig namely, an 

oeeasiona! e liaiiin 1 wdueh diains tin' o\ ( illow' tiuin some ad jiicent hollow 

N< ai the eeiitie an' ])ntclies of two w'atci plants — Fonchveetl and 
Bui letd- Khtiicled to what aiemwv the wettest spots The Tond- 
weed has small icddish leaves w'lth shoit stalks, the Bui-ieecl has 
shoit naiiow' ka\es, lioth aic land-adaptations and aio piobably 
lemains ot the oiigiiial a([iiaLic ^cgeUtlon w'hicli has been displaced 
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The othei conspicuous plant ‘5 of the pontl-hollow aie {a) Watei 
S%^eet-gia‘5S [Oh/itim aqvatica), occupying the ceiitie e\cept the paiU 
utilised bj the Ponchvced ancl Biu-ieecl, [h) his jj'^cvrUitO'i at the 
southern oi inflo-w end , (c) JNJaish Hoiselail {Eqiiisttiim pahisit c) at the 


N 



S 

Tiy lb-1 Dij ’ Poiul 


not them oi out How end , (d) a hioad niaiginal zone of riushcs The 
laige patch ot Watei -gia,bs indicates the pait ot the holhjv ivhich is 
nccasioiiallv undoi watei It is a fcatiue oi tins glass that it glows 
W’ell 111 a moist place liable to inundation The Ins and Waish 
Hoisetad occupy well-defined aicas, and both aie topical maisli 
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plant'5 Alfcogothei the \ egetatioii of this hollow mclicalea that it is 
moist, and even niaish}' at times, but is iic\li lung iinclci watei 

The ponds at Filey aie thus insiiuctive examples of arpiatic and 
niaisli vegetation The ponds themsehcs show e\eiy stage ot tiaiisi 
tion fiom ponds of open vatei to inaisii^ hollows, and t\e\i diy 
hollows ” 

422. Weeds of Cultivated Soil, — The vegetation oi 
haiien ami eoonomicallj useless lands — inooib, heaths, slioies, 
etc — has imdeigone but little change dining all the centimes 
that have passed since om countiy was fust inhabited and 
cultivated by man, though mountain vegetation has doubtless 
been modified by gui^mg Except in siicli localities as these, 
the laud has lieen laigel} distuibed by the ojieiatioiis oi agii- 
cnltiue, foiestiy, diamage, etc What has become of the 
plants that once occupied what is now cnltiVtited land ^ They 
have been diiven fiom tlie fields, but with piobahly veiy few 
exceptions they all giow now in the liedgeiows, iivei -banks, 
ilnekets, and wood-edges 

There aie many inteiesting points connected with the 
weeds of cultivated soil A gaideu oi cultivated field is 
usually smiounded by hedges, pastuies, oi woods, but its 
weeds coinpiiso few oi none of the plants lielongiiig to the 
“natuial ” vegetation close at liaiul The weeds liave not come 
fioin the neighbomuig vegetation, and they could not in most 
cases sill vive among the ciowded hedgoi ow and meadow plants 

This bungs ns to the next point — that most of the veeds 
of cultivated soil aie ahtuuds Annual weeds depend almost 
entiiely upon man and his cultivation of the sod They have 
doubtless evohod fioin anceslois winch, to escape competition 
with perennials, giew on locks, pool soil, sea-shoies, etc, 
and which, owing laigely to then lapid giowili and piofiise 
seed-piodiiction, invacled the fields tilled liy piimitive man, 
and will now nevei leave until the cultivated gioiuid is 
allowed to letiiin to its natuial state Tt is imnecessaiy to 
point out how annual weeds can floiuisli, and he fiee liom 
competition with peienmals, in cultivated fields lieaimg 
annual ciops such as wheat The oiigm ot many of these 
animal weeds is leiy imceitain, foi instance, the common 
G-ioiiudsel is nevei iouud wild, though th(‘ llesluness of its 
leaves suggests that its ancestoi was a seiiside plant (^we 
know this to be the case with seveial annual weeds) 
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About one-fouitli (about 70 species out of dOUi of native 
Britibli annuals aie cornfield man}" of them extend 

ovGi the whole of the tempeiate legions, but tlie}^ piobably 
:bll emigiated fiom ceutial Em ope oi cential Asia Most of 
our lemainmg wild annuals glow on locks ui lulls, at the 
seaside, and in othei places wlieie theie is little competition 
vYitli peiennials That the annual veeds must ha\e iich soil 
and that they cannot comiDete on equal teims with peiennials 
IS cleaily seen m the suLcession of the vegetation which 
sp lings up on a field allowed to leiuain fallow or on a piece 
of cleaied giound 

Diunig the iiist }eai aftei tlie dealing Ave get cliiefij'' 
iiiiiiials {p (j Poppies, Cliailock, duckweeds, Goosefoots, 
Red Dead-nettle, Spinges, Scentless Mayweed, seveial Speed- 
wells, Scailet Pimpernel, Sow-thistle, Sliepheid s Puise, 
Grroimdsel, Knotgrass, Funntoiy) Next veai the peiennials, 
gome of A\diicli inav have aheacli got a footing among the 
puickei -glowing annuals, giow steadily and to a laige extent 
crush out the aiuiuals , peiennials vliicli do this ettectually 
Liiclude Kettles, Docks, White Dead-nettle, Plantains, Mil- 
foil, Tliistles, Daisy, Dandelion, HawlcAveeds, etc , also such 
glirubs as Biambles, and i^aiious Glasses like Coudi-giass, 
I^ock’s-foot, etc By the thud oi fouith yeai many of the 
uimials liaie disappeaied and the giound is laigely occupied 
by the peiennials and a few stioiig biennials (e y Bui dock) 
riie vegetation Avhicli settles m tallow oi cleaiecl land vanes, 
>t couise, witli the factois of the habitat — exposuie, soil- 
.extuie, luoisluie, etc 


In -^UKlyiug cornfield weeds ( 111 helch wlioic (.eieals ui othti till- 
owing ciops au‘ alod) ante (I J lUe weeds Inch glow low dow n, 
)tten fuinung a Ihickcl ^lielteied tlie Knest ol tall com sttin-, ( i} 
L^'ield Paii^v, Cluckweerl, Spcedw^elN, (Join Salad {ValcnruiL/hi^ with 
nniute iliistcinl blue llow^eis), Stoik’s bill, Bop Medick, Hop Tiefod, 
LBaek Mudick ami nian\ olbeis, some climbing up tlic coin stems 
Fuiniloi^, LOiinofrn/i({^), some aptieaiing cail^ bt-foit. tlie 

Ol n ihas giown up ((Join Pans\, SpLcdwclls et:c ) , (2) the tall weeds 
►Yhicli glow up wuth the com and iisuallv tlowei and fuiit at the same 
aine with it, c fi Com BulLciciip, Cuin Cockle, J31addoi CViinpioiu 
livening ('aiiipion, Chailock, Pnpi)>, Hemp JSretllo, Com JMinl, and 
naii;^ otlieis, mostly having eieot main stems, lew blanches, and 
lairow enlue oi duided lea\es nioie ui less upwaidh diiected , 
o) the weeds at the edges and coiiieis ot the Held, t <( Nettles, 
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White Dead-nettle, Bhick .Sulannni, Hedge 
Mustaid, Com Paisnip, ele 

Also make oIjsll \ atioii^, at difteient times ot }eai, on the \LgLtatioii 
of riilDlnsli lieaps, iDasttiies, roadsides, i ailway -‘banks (note the 
ditieiences hetwicn cutting's and embankments witli icgaid to the 
condition'^ ot litc and tlie plants touncl), garden borders, lawns, 
ballast-lulls beside seapoit'^, pit lieaps beside lolbein.-., waste 
gioiind neai mills, ete On lubbish heaps and ballast-lulls \\ c otten 
hnd alien plants (bioiight tiom foieigii eountiio‘-j along Mith sueli 
plants as Annual Dog’s IMeieiuy, Teasel, Doeks, KagMoit, Kiiotgiass 
{Poly^foiium rtrict/Zu) I’), Henbane (2-4 ft, lea\es lobed stieky and 
flrinimj, Ills Mith 5 lobed eoiolla yellow with pin pie stie.iks) Teasel 
and Henbane otten glow in waste plares In the sca, and slxlm d pliiiLs 
aic laiel^ f(;iind e\eept o.i i ulibisli heaps oi on iich waste giound 
beside houses o' ■ 1 •’ 1 • e y Gieatei Celandine {Uhelidoniimi, 
Popp^ laiinh ), '\ D . ble 

'^I'he \t gelation ot a lawn is utten \ei3^ nit electing The liwn itself 

consists of canons glasses (species ot //s, Cyno^U) 

PliJium, etc ), otten nii'cd wnlh White Clo\ei, but it usually 
lias ^a^olls weeds winch aiewell adapted to lesistthe lawni-mow ci , 
e fj Daisy, Dancklion, riantain, Haw'kweeds, Thistles, Cat’s-eai, 
Aiitiiiini Haw hint, which ]ia\c “ladical’ loa\ es in a losette gi ow ing 
close to the soil and kept theie by the contiaitilo loots, ilsn eoaise 
laiiipant (basses, like Coiicii-gi ass winch spicads by h 
uiniieis A damp ui ill-kipt lawn lia-> a coveung of 
on the soil, and is ofi( n nna<Ied b\ \ ,n loiis w et ds w hn h (.,in lompetc 
w ilii the ( bassLs, t 7 Ihuieiciips and i \ ( n Hf>isLtails 


hfUKSTKJN.b ON CHAPTKR \VI 

1 Foi wliat dillcicnt pm poses do \oii considci tliat a plant tct[iiiies 
to be supplied with watci ' How aie --umc plants able to wiLlistand 
long continued (bought ninii]mLd ■' One instaiues ot siieli plants 

2 How docs tile cliimite inside a gieenhoiise dillei tiom that with 
out ^ Name pi nits whose natiual habilatn aie in climates (n) duel, \h) 
wettei, (<) IkjUci {ff) eoklci than that of an hhigbsli gaiden ^V]lat 
aiiangeiiients Aiuuld jou make it 3011 li.id t(j ti} to gi(jw the^'e \aiirjiLs 
plants in England ’ 

2 The island ot .Snigapou' pioduces nioic than 2,(J(J(I n.Une species 
ot liow^eiing plants , the Isle of iglit (about L([nal ni aieaj some SoO , 
^^n eipialaica 111 tin* Eg^]lt^al^ Descit less than 200 To wlMteauscs 
would \ou attiilmle these sLi iking diflei cnees ' 

4 How tai do cliaiacteis of the sod, othei than its chemical natiiie, 
deteimine the iloia glowing upon it ' 
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5 Dl'iliiIjc the chief modes ot peiennation in heibaceou'^ plaiit'^ 

6 Desaibt tlie <Iiflcieiit localitie's mv, inch plants stole up iiutnment 
m one jcai toi then o^^n lapid giowth in the next jcai, and otate the 
natiiio ot tile stoicd substance in tlie case ot cacli plant that ^(ni cite 

7 ^^dlat wild floweis ha\e you found giowing along the iiidigiiis ol: 
lake‘s, ponds, and meis-' Distinguish those mIiicIi glow witii then 
stems \a} whoih in tlie an, {/n paith hi an and paith m watei, (c) 
’\'ii 11 III III I 1 81iow' by sketches wliat you mean by the zones oi 
\ - i iLi >1 1 1 rii water maigni 

S Name an\ plants giownng with then lca\LS wholly siibnicigecl 
How'’ do such lea\es ditlei tioin leaves smiomided b^ tin 

0 Gne tlu namc^ ot foui ivatei plants and toiu inaisli plants 
]\Jeiit ion all the points ou Laii think of in winch watei plants difiei 
fiom laud plants Can }c)U givean^ explanation of the facts dc sen bed"'' 

10 Wntt i list of aii^\ plants winch ^ou ha\e found giowiiig with 
then lea\es siihmciged in watoi How do such plants obtain the gases 
wliifli ilicw iniune toi icspiiatioii and jihoPis^ nllic'^is Desciibc the 
suitacc stiui tuic ot a hat in) iii a land plant, if>) in a watei plant 

11 "W hat r,pcpi lI .inatornical peculiaiitus woiiltl \ou i x]jgcI to lind 
m waLei plants " ICxphini how Lhestiuctuie loii describe is connected 
w'lth then londitioiis ot life 

12 Enuinciale the iiioie cornmoii plants w Indi 3'ou have touiid glow- 
ing m a 111 iisli 

IS A^hite a list ot plants w Inch 30U lia\e fuiiiid on niuoiland walks 
Wliat pcciiliaiities ot leatstiucUue lia\c ^ou obscivecl in nn^ six of 
llie-ie ^ How docs the possession ot such pcculiaiities pioht the plant’ 
Udial was the iiatuic ot tlu suil on which the inooilancl plants glow ^ 

14 N.iniL ill the plan Ls } on ha\e found eithei on a heath oi on a 
niooi, di a ni^uisliing caictull;^ those w 4 iicli 3011 have 0}ifi/ toiind on 
lu.itlis Ol nioois J^onit out an^ teatuies w Inch ^ on think ht the plants 
to Ine ni sin li situatmiis 

In IMontion tw eh c plants ) ou have touncl glow ing in company w ith 
the Ling Dcsciibo the plants i>ii winch such plant associa- 

tions occiii, and aii} geneial featuies ot heath 01 mooilaiid \egetatioii 
3 ou Jia\ c ohsci \ td 

IG WuLl an acLUiiiit ut the \cgetation jou might expect to Inid 
glowing on a swampy 111001, and induate aii^ points in winch the 
plants appeal to he stiuctui 1II3 ada]jtcd to such an eii\ iionnieiit 

17 Discuss tile ecological conditions that nia;^ deleiniiiie the toniia- 
lioii ot the ‘ Kcatliei -moor,” and gi\e some account ot the cunijios^ition 
of the floia ot cat h niooi 
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IS TIow could 'SOU distinguish between Ling, Cell Hcatli, Cioss- 
lea^ed Heath, and Ciowbeny, nieieh honi leat-beaiing blanches 
wntlioufc floweis ^ Desciilie the stiuctuie ot the leaf in each ot tliese 
foul plants, and c\plain how the stiuctuie is adapted to the liabitat 

10 Dcsciibe the floweis of Ling, Bell Heath, and Cioss lea^ ed Heath, 
pointing out then difteiences and explaining the polJination mccha- 

lllSlll 

20 Ccscnbe the how ci^^ and fi uits of Ciowbei i j Coiiipaie thi-a plant 
wnth the Eiicaccous iiiooiland plants 

21 How’’ can 'sou exiilain the faet that most mooilaiid plants, o (j 
Ling, Heaths, Ciowbeiiy, aie piotected against fiee tianspuation, 
although moois get so nuich inoistuie in the lonii of lain and riii'^t '' 

22 Why IS the \egctation ot a high mom dwMifed, with no tiecs, 
wdnle low moois (heaths) aie often dotted wath tall tiees '' 

2il In w4iat le*- peels do many mooiland plants agiee wnth plants 
glowing on saiid^ coasts and iii salt maishes ' How^ nia\ tlieso lesem- 
blanccs be explained ^ 

21 What IS the diheience between a inaish and a boy ^ 

20 Name soweial diHcient species ot plants that you lla^e found at 
the seaside and not inland btate exactl;^ whcie and how^ each was 
glowing, and mention ai^ chiiicteis possessed li\ each that ^uu thiiiL 
titled it to Its paiticulai cik iimstances 

2ti (b\o an aLeouut ot the \eyaation ot sand dunes in aii\ icgion 
\ou may welect, and point out the special adaiitalions cxlulntcd h) the 
plants to then siuioundings 

27 McntioM SIX pi lilts yon haie tound gnA\ ing {ft) on shiiigle- 
be.ichcs, {/}) 111 sail maishcs Listiugiiish lictweon tho^e occiui ing onl^ 
in these h.ilntats and tliose ^ull lia\e also tound inland 

2S IMcntnm eiglit plants that ym have tound gi owing in eacliot any 
thui oL the follow mg situations L_Coinlields, I'heshwatei Bogs, Shingle 
B(‘ii( lu s, Sandy Heaths 

20 Wluit plants w’oiild \ on expect to laid in an// tin < ol the iollou - 
nig plaees — (ct) an ojicn heath, {h) a salt maisli, (f ) a ILcshw atci pniid, 
[(1) chalk dowms ' 

,10 What would you mtci as to the chaiacLeis ot the soiN m which 
the following plants weic sesmally to be tound yi ow mg Spuiicy 
{Spc 7 ' Itf^looh, Hiiali LO/ioniuti'^}, Lotion bodge, 

Wooc Bee Orchid 

31 On e scvei<>l examples ot gioups ot plants w Inch gi ow logethei in 
the Maine habUat oi localils and flow ei at aliout the same se.ison 
Whj- do these plants glow side b^^ side, w^hat causes land them to 
special localities, and w'hv do they liowci simultaneously*^ 



THE ECOLOGY OP PLANTS 


459 


32 AlenUon eight plants that you have found gio^Miig on oiien 
loadsides (not much shaded hy hedges), and eiglit that jou ha\e tound 
giouing uiidei the tiee'^ ot a uood Ha\e you noticed aii}^ cliaiaeteis 
of these t^^o gioiips which seem to you to ha\e anything to do with 
the chtleiciice ot habitat ^ 

33 Show, by leteience to alpine phants, to the caijiGt ut spiing 
tloueis in uoodlancK, to lluucis ot toieigu oiigin in Kiighsh gardens* 
to the lack ot flou eis in lia;\ helds attei Jiih , and by othei illustiatioiis, 
that the competition ot neighhuuiing plants is one luipoitant condition 
of plant litc 

3-1 Name the month oi months of fioweiing ot each of the tollowing 
plants Aldei, Ash, Beech, Bluebell CWild Hjacinth), Coltsfoot, Eldei, 
Goise, Hazel, Honeysuckle, Hoise Chestnut, Xv}, Lauiiistinus, Lesser 
Celandine, Ling, Oak, Pine, Bagwoit, Red Campion, bnowdiop, Sueet 
Chestnut, Toimentil, Watei-lnitteiciip, Watei -mint , ^\’'ood anemone, 
Wood soil el 

3o C4i\e an account ot any obsei\ations j'-ou nia}" have made on the 
colonisation hy piautis of land bate ot vegetation What chaiacteis 
enable plants to colonise such land^^ 

3(3 What othci plants have you touiid gi owing among the glass ot a 
gaiden lawn’ Explain why these plants aie able to glow theie, and 
show how the gaiden-mownng machine oi ac3dlie and othei causes select 
oi mil lienee the fioia of the lawm 

37 Mention the six most tioiiblesoine 'weeds in any gaiden wnth 
which you aie well aLquainted Explain caieiiillj'’, so tai as \oii can, 
the leasons wdij eacli is spcciall}^ tioublesome 

3S Hcsciibc the icgctation of an Oak o?- S^'^camoie wood, nam- 
ing the plants obsenctl and the dates ot floweiing Compaie the 
\egetatioii with that ot a Beech w^ood How do you account foi tlie 
diffeieiice ^ 

40 Suppose 3^011 wcie asked to wiite a icpoit on the vegetation of 
some paiticiilai acie ot giouiid (heath, coniniou, meadow, marsh, 
woodland, mooi, oi liillside), how would you set about the task 
What w'ould you ti}-- paiticiilai ly to find out'' What uhsei \ ations 
and notes would 3011 make"^ How much time w^oulcl 3’'<ju wish to be 
allow'ed toi tlie 111(^1113' ’ 
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Aiisoiption ot b 3 '- seecl'^, 24 

Achene, 253 
Acoin, 46 

Adhesion of pail's, 225 
An 101^1111 cd toi geimination, 30 
,, lequiied toi staich making, 
75 


Blo(jm on leaies. 
Bluebell, 2.S5 


Aldei, 363 

Andieciiim, 222 

Aniline chloiide, 165 

Animal di'spei-sal ot seeds, 26l) 

Annual lings, 177 

Ant-dispLLsal ot ^ecds, 261 

Anlhci, II, 213, 222 

Apoc 11 poll's 225 

Appal at us, IS 

Allow glass, 423 

A / lun^ 241 

Abli ot plants, 105 lOS 
Ash tiec, 52, 4US 
Awlwoib, 420 
A\il ot leat, 6 

Baibeiiv, 1S5, 237 
Baik, ISO 
Bedstiaw, 424 
Beech, 399 
Bees, 243 
Beetles, 240 
Bell Heath, 429 
Beuy, 251- 
Bilbeiiy, 420 
Bnch, 394 
Bud’s nest, 205 
,, ,, Oichid, 205 

Bitteiaweot, 362 
Bladdeiwoit 208 


S 

Bog-inus^LS, 431 
,, -plants, 430 
Bo i age, 34(3 
Boiaginaceae, 340 
Bia/il nut, 50 
Bloom, 272, 275 
Bioomiape, 203 
Biussels hpioiit, 139 
Buds, 9, 13S-14S 
Bulb, ISj, 2S7 
Bin li ed, 423 
I BuLl Ik 1 s Biooiii, 2S9 
I BiitLi i( ii]>-i, 310 
BiittLi Hies, 2 1 1 
Buttci w oi t, 20S 

( Vilyx, 10, 210 
Cambnim, 170 
Campion, 320 
Canteibniy Bell, 235 
Cap! 11a ut^ 26, 27 
Capituliun, 2fl0 
Capntuliat cae, 365 
I Capsules, 252 
\ C ' ' ^ 

I • S6 

,, (lioMde, SO, S4 
Cainuoiuus plants, 208 
Castoi Oil seed, 51 
Catkin, 230 
Celandine, 309 
Cells, 61 

Ceiisei mechanism, 217 
Chalk pi lilts, 43 ) 
Chestnut, -lOl 
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Cilicia^ eecl, 319 
ChloLophvIl, 77, 02 
Classilictitioii, 2GS, 30S 
Cl ay- plants,, 433 
Clei-Mtoganiic floweis, 23S 
Chff-plant'^, 435 
Olimbino plants, 195, 202 
Clubmosses, 430 
Coast \egetatiun, 435 
Colmlt-papeis, 119 
Cohesion ot paits, 225 
Coltstuofc, 373 
Comfiey, 347 
Compobitae, 375 
Convolvulus, 199 
Coik, ISO 
Coik-boiing, IS 
Conn, 1S4, 279 
Coin-cockle, 321 
Coinhelcl weeds, 455 
Coinllow^ei, 377 
Goiolla, 10, 221 
Coiyinb, 230 
Cotton Sedge, 426 
Cotyledons, 14, 38, 44, 53, 72 
Cow Paisiiip, 333 
Cow’-slip, 341 
Cl ess, 50 
Ciocus, 27S-2S5 
Cl OSS lea\ed Heath, 429 
Cinwbeiiy, 430 
Ciiicifeiae, 325 
Ciilinaiy Pea, 46 
Cultuio Solution, 100 
C^'inc, 2k> 


Dailodil, 291 
Daisy, 371 
Dandelion, 306 
Date, 52 

Dead-nettles, 347, 351 
Diastase, 41 
Dichogamy, 233 
Dicotyledons, 54, 164, 268 
Digestion of iesei\e food, 41 
Doddei, 200, 203 
Diupe, 253 
Duckw'eed, 421 
Elm, 401 


I Enibivo, 216 
Endosperm, 40 
Endospeiiiuc seed, 49, 51, 53 
Encigy, 4-2 
EiiMionment, 410 
Epigeal coty ledons, 45, 53 
Epigynous, 220 
Etiolation, 95 
Etiolin, 94 

E\plusiVG ti lilts, 2b2 

Feiments, 41 
Fig, 256 
Figw^oit, 358 
Flies, 240 

Floial diagiani, 226 
, , f 01 m Ilia, 227 
Follicle, 252 
I Forget me-not, 344 
Fovglovc, 353 
Ftuicli Bean, 44 
Flog bit, 421 
Flint, 12, 251 


Gamo-pctalous, -pliydlons, -sepa- 
lous, 225 

Geianiuni, 255, 202 
(xei mi nation, 17 

,, , au lecpiiied foi, 10 

,, -boxes, 21 

,, -jais, 20 

,, , types of, 53 

,, ,waimtliic([Uired ioi, 

34 

,, , water lequiicd foi, 

23 


CHass bending, IS 
Goosegiass, 201 
Goise, 54, 186 
Grasses, 301, 420, 423, 4S0 
Giass-heatlis, 428 
Gyiiandious, 225 
Gynecium, 223 


Habitats, 414 
Halophytes, 434 
IlaiebeLl, 235 
Hazel, 300 
Heather -moois, 427 



462 


INDEX 


Hedge \egetation, 444 
Heteiostvh , 234 
Honeysuckle, 364 
Hook chmbeis 201 
Hooked li lilts, 260 
Hop, 109, 24S 
Honibeuin, 39b 
Hoise chestnut, oO, 144, 405 
Huisetiuh, 423 
Hunnis-plants, 43*2 
Hydiophytes, 415 
Hy giopliytcs, 415 
Hypogeal cnt\ledons., 45, 53, 
Hypugy noil's, 227 

Infloiesconce, 10, 229 
Inscctnoious plants, 20S 
Iiiteiiuule, 9 
Ills, 2S5 
1\ \ , 2(10, 240 

Knots, 179 

Labi at ac, -if) 2 
Laikspiii, 117 
Lawn vegitcition, 156 
Leaf, 7, i3M3S 
„ -kill, 137 
,, -niosaius, 136 
,, , sliuctiueol, S2j 122, 131 
Leatlet, 6, 8 
Lenses, 2, 58 
Lent! cels, ISJ 
Lignin, 5 
Lilac, 407 
Lily" tainily , 2S9 
Lime tiee, 407 
Ling (‘ Healhei 129 
Linseed, 50 
Lipase, 1 1 
Lo men turn, 255 
Lyme-gi ass, 437 

Maize, 48, 166 
Maple, 403 
Maiestail, 424 

Ml .1 . 437 

M .. 1. 314. 

,, plants, 4‘22 
,5 sainpliiie, 438 


Mesophyll, S3 
Mesopliy^tes, 415 
Miciopydo, 14 
Micioscope, 59 
Mistletoe, 204 
Monkshood, 317 

Monoeotyleduuri, 54, lb4, 268 , 
C'h XII 

Mooiland plants, 424 
Motlia, 244 
Mulbeiiyr, 256 
Mustaid, 50 
Mycuihiza, 205 

“Nastuitmm” [Tiopaeohim), 50 
Xectaiies, 229 
“ Negati\e picssiue,” 125 
Node, 9 

Oak, 46, 14b, 307 
Oat, 301 

Oil in seeds, 40, 50 
Onion 52 
Ouhids, 293 297 
Osmosis, 26, 28 
Oi.iiN, 224 
OMile, 215 
O'.vg. 11, 42, SO 

,, I ciiuiiLd foi geimination, 
3b 

Panicle, 230 
Pansy, 23b, 262 
Papal Cl areae, 328 
P.ipilioiiacc.ie, 011 XI 
Pappus, 2r53 
Paiasites, 202 
Pea, t(>, 272 
Pe.it, 431 
Pen an til, *220 
Peiicaip, 251 
PeiigyiKjus, 228 
Petals, 10 
Petiole, 9, 133 
Photosynthesis, Sb, lOl 
Pine, 52, 147, 385 
Pineapple, 256 
Pistil, 12, 223 
Pi tchei -plants, 210 
Plant Associations, 447 
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Plantain, 235, 248 
Plasmoljsis, 171- 
Plumed f I lilts and seed's, 25b 
Plumule, 15 
Pod, 12 
Pollen, 11 
,, -sac, 11 
Pollination, 214 

Poly-adel]jlious, -andi oil's, peta 
lous, -pli;\ lions, -scpalous, 225 
Pome, 254 

Pond ifcgetation, 451) 

Poplai, 246, 3SS 
Popp3S 326 
Potato, 354 
Potoinetei, 116 
Piiekles, ISIj 
Piimnise, 310 
Pi imuliiceac, 341 
Piotaiidiy, 233 
PioteKK,‘'39, 112 
Pioto^^^in, 233 
Pill pic Loiisc'sti lie, 424 

{^iiillwoiL, 420 

Kaecnie, 230 
Radicle, H 
R.igi^mtl Ivobin, 321 
Raiuinculaceae, 315 
R.i} 's, 17iS 
Receptaile, 10 
Rcspiiation, 31, 07-101 

,, , heat loimcd 33 

,, , intM moleciilai, 32 

Rest liaiiovy, 187, 273 
Rlii/oinos, 183 
Root, 4 
,, -cap, 5, 160 
,, -ihmliiis, 200 
,, bans, 5, 123 
,, nodiiks, 5, 206 
,, -picssiiie, 122 
,, stiiictme, 160 
,, -liibcMs, 188 
Rootlets, 4 
Roaacc.ic, 331 
RobC, 329 
Runnel's, 183 


I Sage, 353 

; Salt-niaisli plants, 438 
Saltuoit, 436 
Samaia, 253 
Sampliue, 336, 436 
Saiicl- dunes, 136 
,, -plants, 434 
,, hedge, 437 
iSanicle, 335 
Sapiopliytes, 202 
hcailet Runnel, 44, 198 
Soluzocaip, 255 
I Scots fii (Pine), 52, 147, 3S5 
I Sciopliiilaiiaceae, 357 
Sciiiv^ -glass, 435 
hca All ou glass, 43S 
,, ]3eet, 430 
,, Elite, 43S 
,, Campion, 435 
,, Con\ oh ulus, 43(j 
,, Plolly, 33(j, 436 
,, Milkuoit, 436 
I ,, J dan tains, 435 
,, Popp3,43(j 
I ,, Purslane, 436 
,, Spill gc, 435 
, n "" j 67 

''I * I i 

,, -lobes, 14 
Seedling, 14 
Seeds, 13 
Sepals, 10 

I Sliiiigle plants, 437 
Slioot, 0 
I SiliLula, 252 
Siliipia, *252 
I Snow bci ly, 366 
I Snow di op, 292 
Soil, 111, 126 
I Solan accae, 363 
I Spadi\, 23U 
' SpLcdw^ell, 355 
I Spike, 230 
I Spines, 185 
I Spuoifynt, 65, 80, 87 
Spiiiig flow’-eis, 143-4 
I Spill ge, 232 
I Stamens, 1 1 , 222 
I Staiidaid-petal, 10 
I Staicli, 38, 96, 301 
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Staicli-makiuy, 73-81 
Stem-itiuctiuc, lOl-lbO 
,, -tubei, 184 
.Stigma, 12, ‘213 
Stipules, 7, 8, 133 
Stitcliw 01 L, 319 
Stomatess, 82 
StoMcciop, 435 
Stiancl-plauLs, 434 
Stale, 12 
Sundew, 2(Jfe 
Suiillouei, -47, Ibb 
S\\<.LtiVa, 4(> 2N, 275 
S^Lamou, tt>, 1 12, H)3 
Syuliiosis, 2ul 
Syiicaipf)U-,, 2-5 

Teudiih, 0, l<)5 
Thistle tulle e^peiimeut, 2S 
Tuolhwoil, 203 
Thanspiiiiluiu, lit 121 
'I’lee study, 382 
Tujpopliyles, 4 id 
TiypMii, 41 
O’uigidiU 171- 
Twilling iilant i, 19S 

Uiuhei, 210, 

UmlielliUiae, 835 

Vale 11 ail, 42-1 
Vaiiatimi, 200 
Vegetal lie JSlai low , 50, Hij 
Vegetation Siii \ eys, 1 17 
Veins, 183 
VLtoniui^ 355 
Vetch, 274 
Violet, 230, ‘288, ‘202 

WalKlowei, 321 
Wasps, 248 


IVatei Clow toot, 313 
,, -cultuie, 109 
,, Ducks, 423 
,, -glands, 121 

,, Hoimvoit, 421 
„ Lilies,, 421 
5 , LoheLia, 120 
,, Miltciil, -121 
,, Penny \\ 01 1, 335 
,, Plantain, 428 
,, -plants, 417 
, , piopeities ot, 20 

,, J’uiskine, 424 
, 1 L(pnicil ti)i I nnii.Uion 

1 1 

,, Staiwuit 42n 
,, Violet, 122 
Weeds, 451 
Wlie.Lt, 19 29S 
\\ lieat L n limn , 10 
WdiiU l>nmi\, 198 
A\9llow, 210, 388 
,, lieil), 121 
Wind tlis])(.isal, 257 
,, -jmllin.ilion, 24") 

W'liig pLl.ils, in 

Winged hints ,unl -lhU, JIS 
Wnihn liiids, 1 V) 

^^^^ud S.iiiu h‘, 1 >“) 

,, Smiil, 219, 202 
A\'’()odlaii{l \ ( get it ion 4 19 
\\5iodi ush, 235 
W'oi inw otid, ,177 
\\ ouiid-lufiling, 88 1 
^Vl<ll k gins , 1 >8 

\LinjihvteN, 115 

^ lUow Vuli.ingel, 851 

Zygonim plu< , *22o 
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THE UNIVERSITY TUTORIAL SERIES 


SSbucation, etc 


Principles and Methods of Teaching By J WllioN, jM A , Pro 

fos^oi ot Education m the Uxiiveibity of Leeds Second Edilton^ 
Rcvibcd rind Enla’i yed 5s Gd 

CONTENIS — (^eiieial Eunction of Teaching— Matenal of Instuio- 
tion — Foiin of Instiuctioii — Tlic Teaching of English Prepaiatoiy, 
Beading, Litoiatiue, Composition and Gramniai, Siimmaiy — Music 
— j[, I, , , __r.. _i i].1m — Natuial History — Mathematics — Foiin 
— Ni < 1 1 1 I ■> I I . I 1 1 1 1 ■ 1 1 1 The Teaching of Foreign Languages 

“A veil -wiitlLU and full piesontation fif tliu best edncatioiiLil methods ot thu 
tnnu Nol ■ nl’, to l ilkbo '•♦'iil- ni hnt tu skilled and exponeuced puictitionei, we 
coiinnond ilii-' ihl ni.i li I i-lul volume ’’—Sc7too?wa8£ei 

The '^chinp^cif Fun ithJL.riiiguot--*'’ Being the concluding 
( li i|.i I .1 ; / ^ " 1/ f f of Teaching By F B. 

Kir KM AN, JJ A " Is 


Pnnciples and Methods of Moral Training with special leference 
to School Disciphn^ ]5y Profes&oi James Welton, M A , 
and 1'" (! Bh INDFOTID, M A , Lectin ei in Education at the 
Candnidgo University Training College 3s 6d 
“ A Rucoinct and veil loamonod o\posiLion, Ixith tlieore tic'll and piULtiCiil, of the 
obluirt of Bohool diBUphno "—bcoi&moi 


Principles and Methods of Physical Education and Hygiene By 
W ]‘ Wl LRION, \^ Se , Mask'i ot Method m the Univeisity 
of Lteds With a Shoit Sketch ot the Histoij ot Physical 
Education by Piotesfaoi Wklton 4fi Gd 
“A cominulmnsivo ■-oiontific to\L hook "~lhc 2i?/t<?s 

School Hygiene l^y B A Lysti R, MB, B Sc , B P IT , Chief 
Medical Olhcci to the JCduration Committee of the llampshiie 
County Coniiod Si(oml Eddion 3s Gd 
“Thu biHb hunk ut It kind fh iLah Meduid Jo\o mil 


School Organisaiion Hy H ii 13IIAY, il A , Inspectoi of Schools 
U) the Loudon County Ouuucil 2s 

“Wo um him hi} h i.inuii. ml tho tioiiLido ’ — /m/ of Uhutdum 

Voice Tiaming in Speech and Song liy H ^ 4 ’ 
MBCS , L It C P , Jjectiuei on voice lioductiun to the 

Loiitloii cluinty Cnuiuil, ole la Gd 
“lb wdl pii} any Lcachci Ld {jot thia book and luad it taiofiilly ’ —&thoohi\adn 

The Science of Speech An Ulonioiitaiy Manual ol English 
— I..I I. I. Ii. rs By B Dumvilm, M A. 2s 6d 

m^ini ition " — Natuii. 
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THE UNIVERSITY TUTORIAL SERIES 


flDatbematics anb flDecbanics* 

Algebra, The Tutorial Advanced Gour&e By Wivr Briggs, 
LL D , M A , B Sc , and G H Bryan, Sc D , B R S 6 s 6d 
A liigher te\t-book of Algcbia in which the moie elemontaiy 

pioperties ot qiiadiatic equations and luogiessioiis aie assumed 
“It IS thiouglioiit an admiiable \\oik ’’ — Joia nal of Udiiciitton 

Algebra, The New Matricuiatiou \Vitli a Section on Giaphs By 
R Beakin, M a , late Heaclniasbei of Stoiubridge Grammar 
School Fomtli Edition 3& 6d 

“ The scoi)e and inateiiai of tliw book ate compieliensive and full Clearness of 

idea and accuracy of noili. aie lusi'-ted on ” — Srhoolmasttj 

Arithmetic, The Tutorial By W P Workman, M A , B Sc 
Third Edition (With oi without Answers ) 4s fid 

A higher text-book of Aiithmetic containing a veiy t-hoiough 

treatment of Ai ithmetical theory, with niimeious typical examples 
“Takes fiist place among our tevt books in Arithmetic "—Sdioolniaslc-i 

Arithmetic, The School An edition of the Tiiloyial Ai ithmeiic foi 
fccliool use B3 W P AVourCMAN, M A , B Sc Second 
Edition (With 01 without Answeis ) In one vol , 3s 6d 
Par 1 1 , 2s Part II , 2s 

“Tlie best Aritlimotio for schools on the market ” — McUlicinaituU (ruzdlL 

Arithmetic, The Junior Adapted fiom the Inlofial Arithmetic by 
R H Chore, B A (With 01 without Answeis ) 2a 6d 

“Excellent ’’ — Educational Tivui 

Arithmetic, Clive’s New Shilling Edited by WJM Briggs, LL 0 , 
M A , B Sc Is With Ansueis, Is 3d ANSWERS, 6d 

‘These exorolses are well chosen and piogie^sivo ’’—iidtoohmidcj 

Arithmetic, The Primary lithtcd Ijy Wi\i Bru.gs, LL I) , M A , 
B So , ERAS An IiitiocUictoiy CoiiibC ot ALalniietical 
Exeicises In TJiiee PaiU PaiLsI and 11, each 6d l^ait 
III , 9d With Answeis, each Paib Id evtia 
“Thoroughly suited fot me in eleinentaiy schools genei 1II3 —School Guauhan 

Astronomy, Elementary Mathematical By C W C Barlow, 
M A , B Sc , and G H Dry an, Sc D , M A , E R S Gd 

Coordinate Geometry By J 11 (iRVli,MA,FRS, and E 
ROSI NDLRG, M A , B Sc 45 Od 
An elemental}'' tieatmeiiL of the -^tiaight lino, cuole, and conic 

Dynamics, The Tutorial By Wm Briogs, LL 1) , M A , B Sc , 
and (i H Bryan, Sc D , E R S Second Edition Ss bd 
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/llbatfDeinatics an& /IDecbaulcs— < uioIlh lied 

Euclid By UorLTir DJ3AKIN, M A With an Intioductoiy Com so 
of Di awing and Problems in Practical C4conictiy Books I , 
II , Is Books I -IV , 2s 6d Books V , VI , XI , Is 6d 

Geometry, Theoretical and Practical By W P Wukkman, M A , 
B Ho , and A G Cragkncll, M A , B So , F G P 
Part I Ecimvalent to Euclid, I , III (1-.3-I), IV (1-9) 2s 6d 
Part II Equivalent to Euclid, II , III (35 37), IV (10-16), VI 
2 h, 

Pari IJI Equivalent to Euclid XI Is Gd 
'I’iiia woik 18 also published in two vohiines under the titles — 
Matriculation Geometry (Equivalent to Euclid I, -IV ) 2s Gd 

Intermediate Geometry (Equivalent to Euclid VI , XI ) 2s Gd 

“Olio of Lhu Lout lionkb on inoili in linos ’ — Ojjuid Magazma (Paib I ) 

" Hinuul anti Honniblo tlinjuglioub ’ — Naluic (PLiifc II ) 

“Tho till 00 x^aitH nou lasuLd fuuuan ovcollent woik " — School World 

The School Geonietiy Being an edition of Oeometiyi Theoretical 

and PnictiLcd, Parts I and II , specially adapted for ordinary 
Hcliool use In one vol , 3s Gd 
Part I. Equnalent to Euclid I , III (1 34), IV (1-9) 2s 
Part IT Eiimviilent to Euclid IT , III (35-37), IV (10-16), 
VI 2s 

fn the jn i juuation ot this wui k wpci ;al coiisidoration has been given 
tot In’! i (‘coiiiinendations of the Bom d ut Education on tho Teaching of 
(it i>mid»iy III Cut iilai 711 Tlicoiigmal woik, Gcomehy^ Theoieiital 
and I^iattbtal^ tan be used as a 'I’taclior’s Edition, if so desned 

Introduction to the School Geometry Is 

Sp(‘( lally written tti meet tho loijuiienicnts ot tho I’list and 
St (Olid Stages of Ceoincbiy outlined in the Boaid of Education’s 
Gut nliir 71 1 

Graphs 'I'lm ( liapliical Repiosontabion ot 

llyd 11 FitKNCii, M A , and G OsliuRN ' i 
MaHlers of the IjC 3 's School, Cambridge Si cond JCddion Is Gd 

Graphs, Matriculation (Conlamed in The Ntio Mahuulation 
Altjehut ) P»y G If Fkkkgii, M A , and G OsiioUN, U A Is 

Hydrostatics, Iiitoi mediate Jiy Wm IBur.c.s, LL D , M A , B So., 
II A S , and GIF BuyaN, Sc 1) , F U S Ss Gd 

Hydrostatics, The Matriculation (Gonlauicd m Intermediate 
JlyihoHUaiL'i) By Er liRTUGS and Ei BryaN 2b 

Mechanics, The Matiiculation By Ei Wm Briggs and Dr G H 
PjRYAN Sfiimd JCdiiion 3s Gd 
“ It Ib a good boulc— oloai, couoino, and ai-LUiato " — Jow nal qf hduLation 
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/lliatbeinatics anb /Iftecbanics — contut aed 

The Right Line and Cucle (Coordinate Geometry) By Dr Briggs 
and Di Brv \.]Sr Thu d EdiUon 3s 6cl 

Statics, The Tutorial By Br \Vm Briggs and Dr C4 H 
Bin AN llwd Edition 3s 6d 

Tables, Clive's Mathematical Edited by A Cl Cracknfll, M A , 
B Sc Is ()d 

Trigonometry, The Tutorial By Wm Briggs, LL D , M A , B Sc , 
and Cl H Bryan, So D , E R S Second Edition 3s 6d 


Biology. 

Bqt^y for Matriculation * By Piofessoi F Cavers, D Sc 
5s Od Also m Tu o Barts Bait I 3s 6d Paifc II 2s 6d 

This I 'to cover the requirements ol the 

Loudon , I Syllabus ni Botany 

"It A\oukl not ho oosy to a mom compiehon-^ivo acoounfc ot Uio moat im- 
1 I ' ' g to plant lite and the sti uobuial details of the commoner 

I , I tins excellent manual contains ” — Education 

Plant Biology * An elcnituitaiy Couitse ot Botany on modem lines 
liy B Oavcis, D Sc , E L S 3s Od 

“ T’ ' the pi 0 vision ot exact inati notion for inacbical work 

■real insistent lecogiiition. that a plant is a living thing, 

shoulii sooiiio roi l'iiUlhsui Caveia’ hook an ln•^^ iiit utlcomo " — SdinnI If oild 

Plants, Life Histones of Couinion An IntioducLoiy Course ot 
Botaii 3 r based on tlio studv ot types by both outdooi and nidooi 
oxpcunicnt B} P 0 VVERs, D S>c , F L S 33 
“Thuauthiu is to ho < (nigiatul.ituil on the oxcolluiit foatuies ot his hook, 'which 
may hi* snniinaiised as a cloai diutioii, a Ui^UilI '=C(|Ut'iii e, ind <i iLtognition of the 
essentials ’ —Nutnie 

Botany, A Text-Book of By J JSI LoWbON, B Sc , F L S Fomlh 
Edition Os Gd 

“ It leiiiesoiits the iioaiost ippioach to tlio uloil liohaiiiuil text book that has yet 
been pi odiiLod '-—I^Iku nuo tiitii a! Join ntil 

Zoology, A Text Book of By H G Wlils, B Sc , and A M 
T)A\ri-s, DSc Fifth Eiltfion Ga Gd 

“It is iiiio of the most luli ihlo aiul useful text iKaiks iniblislied " — Natuialid''\ 
Qua) Uily ILmuo 

V Hut ot n iiiiuioii ojiiL slides spimilly designed by Piutu'.soi Owing foi 
with his bucks Is supplied at Jtl Tjs net 


use 
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IPbv’stcs. 

Tlie Tiifcoiial Physics R WATiTi\.(ri R'l i- W’’ vut, D Sc , 

K CJ V ri ni‘()()r;, B Sc , C J L vc.si’ im-, ]\i A , AV R 
JJowhK, A R 0 Sc , and J SAiri nA , R A , Ji Sc In G Yols 

I Sound, Text-Book By IC G v i < IIPOOL, B Sc Fijtli Edition, 

lii and Kuhtitjcd J-s (jd 

“A full, jiliilMhiiiiliiuii, jiiid decidotlly oiiginal treatment of this bianok of 

pliyrtlOd " } if iimtivit tl hutf* 

II Hoat, Higher Text-Book of By R W STEW ART, D Sc Cs 6cl 

*' flliyu , miu iMii, Willi jiiiaiiguil, and well ilhHhatod ” — Join nal oj Rducatton 

III Light, Text Book of. By R W Stewart, D So Fourth 
Fddioii, Rcvmdand Enfioif^fl 48 6d 

'* \ viuy full iiiul able Uoatnioiit of the olemonts of Geometrical Optics" — 

Mill iilionttf Nfii'H 

IV Magnetism and Electricity, Higher Text-Book of. By R W 
SThWAUT, 1) So ^ i^aond Edition Ga Gd 

“'riio text Ib cixeooiUngly luoid and piiiiifiiaking in the endeavour to give the 
Htuilont a Boiuiil kniu\ lodge of physics " — Nature 

V Properties of Matter By C J L Wagstaff, M A Thud 

Edition IIh Gd 

'* Vei\ inloioHting weLuuiH aiu those on mouionts of inoitiafiom an douientaiy 
jjtiuit oi view, IJojn uiodilluitiou of Civoiidish’ti expoiiiiuiit, suifaco tension, and 
uipi Manly " — i^chml 

VI Practical Physics By W R Bower, ARCS, and J 
SA'lTJ'.in.y, B A , B So ‘Is Gd 

“llioat jialuB have ovidimtlv heou taken to soouio eflloienoy, and the lUHnltisa 
text-book which iiuulta gimb piaise ''—Naiuic 


The New Matriculation Heat The New Matriculation Light The 
Now Matriculation Sound ByR AV STIWART, 1) Si ‘is Gd 
eiK li vuUiino 

"'Iho tioatinont Is lueitl audioiicjso, and tlioiouglily iii louiidiuce uilh the nioab 
reiojiL iiuthoilH c>f teaching ehiuontaiv pliisiCH Au oul iLanding ftatuie of theae 
iMinkH Ih the iiu lUHioii ol a iiuiiihoi of ovpui iiiienU iiliiih iiia> bo poitoi mod with 
the niont Hiiiipln and iMe\[ii iisivo appaiatun, and fioiii nliicli satitilactoiy icaiilta 
may i»e oblameil " - Natnit' 

Electricity, Technical^ By Biolossoi II T Da vino n, B Sc , 
MI 10 10 , and R AV ItUTCHiNsON, B S(‘ 2ml Ed 4s Gd 
“Ainoet diihilublo loimImu it loii of houiuI iiisti uotioii in sneTitilio liiinciploa and 
ongixm niig puielioo " — I iluinfiD/ud Amm 

Magnotiam and Elocbricity, School ByR II JuDic, DSc 3s Gd 
"A mil fill text hook tliut m emu mm li Honmloi as itgiiids I uiidamuntal con 
u'iitlon-- than mo t cluim nt ii> uoiU-, on eht tncity "—Oujunl Mufjuzine 
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Cbenustr\>, etc. 

The Tutorial Chemistry G H B ULI v, D Sc , Pli D Edited 
In Wm Brr.c.s, LL D ; M a , B Sc , r 0 S 
Paitl Non ]\ Totals Fom tk Edition Ss 6cl 

Pait 11 Metals and Pin -sical Chemi'^try Sec Ed 4s 6d. 

“ Tlio le uleii," ti iiths 'iiul of choiiiisfcry aie 1 jqi 6 expuiiruleil in a most inaaterly 
nuiiinui — C'ti III Kill iWjM 

The New Matiiculatiou Chemisfciy * By G H Bailey, I) Sc 
E dited hy \ViM Briggs, LL D Fowtli Edition 5s 6d 

Chemical Analysis, Qualitative and Quantitative Bjr Wm 
Briggs, LL I) , M A , B Sc , PCS, and K W Steavart, 
1) Sc FoiLi th Edition 3s (id 

The Junior Chemistiy By R H Adie, M A , B Sc , Lectuiei m 
Clieinistiy, St John’s College, Cainhudge 23 6d 
This IS a comse ot combined thcoiefcical and pinetical work 
covoiing tho icquiiciiients of the OKfoid and Cambiidge Jumoi 
Locals lia method of tieatinent diflcis fiom that ot most inoclein 
books of this standaid, inasmuch as it aims at bunging the pupil, 
Jioui tlio outset i into touch \vitli fundamental piineiples 

“A iisuful rind inftcfcical ooiuaa, consti noted on thoioughl} soionbiflc pnnoiplea ” 
—Ojjoid Magaune 

The Elements of Organic Chemistry By B I Lewis, B A , B Sc , 
Science Mastci at Oundle School 2s 6d 
The hindamental pimciples ot the Chemistiy of Caiboii Com* 
ponnda developed fioin and illustiated bj" the behavioui of tho 
Ethyl, Methyl, Phenyl, <ind Benzyl compounds mainly 
“A UBoful took conttuiiing in.iny \\i3n fiolLotod b} pioj,! oxiieiimentH The 
diiuctiuns me cloaily ami oaioliillj given ” — Si’condaiij Education 

Systematic Piactioal Organic Chemistry By G M JSTorman, B Sc , 
F C S Is bd 


Perspective Drawing, The Theory and Practice of By S Polatc, 
Ai t Masfcei 5s 

A coin])loto couise of nisUucLion covenng the icquii omenta ot tho 
Boaid ot Education Syllabus m Pcispective Diaw'iiig 

Science Geinian Course. By C W Pag ft Uoi h Yl’T, M A , M B , 
BC 3s Gd 

“ Piovidcmii iuivoiin-iit iin.mH ot nlit uiiiMgsullu iLiittiLiiii Lintance u jbli tliu Goiman 
Jjinguigu to iL idriimiilc m iLiUihudi -ai i iptioiH in it with intelhgeiiou ' — Entute 


’’ Sots of fiiniii itiH unil u' 1^011 tM me atipplied speonilB designoil foi use \Mtli this 
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Jfrcticb. 

Junior French Course By E Weekley, M A , Professor ol 
French at Uiiiveisity CoUege, !N^ottingham, and E'^aminer in 
the University ot London Second Edition 2s Gd 
“Distinctly an advance on similar courses "—Journal of Lducation 

The Matriculation French Course By E Weekle\ , M A , Examiner 
m Fiench m the University of London Thud Edition, En- 
larged 3s Gd 

“Tlie rules are well expiessed, the exeiciscb appiopiiate, and the iiiattei accuiate 

and well aninged "—O^iaidian 

French Accidence, The Tutorial By Ernest 'V\''eekley, M A 
With Exercises, Passages foi Tianslation into French, and a 
Chapter on Elementary Syntax Thud Edition Ss 6d 
“ We can lieiiirily recommend it "—Schoolruaste') 

French Syntax, The Tutorial By Ernest Weekley, M A , and 
A J Wyatt, M A With Exeicises 3s 6d 

“ It is a decidedly good hook "—Quardnan 

French Grammar, The Tutorial Containing the Accidence and the 
Syntax in One Volume Second Edition 4s 6d Also the 
Exercises on the Acudente, Is 6d , on the Syntax, Is 

French Piose Composition By E Weekley, M A With Notes 
and Vocabulai^’’ Third Edition, Enlarged Ss 6d 

“The anangonient is lucid, the lules cleailj c\piebsed, the suggestions really 

helpful, and the exanixilcs carefully chosen ’’ — Lducatioyial Tinm 

Junior French Reader By E Weekley, M A. With Notes and 
Vocabulary Second Edition Is 6d 
“Avery useful first reader with good vocabulaiy andsenbihle notes ” — &chooh)xa&iC'i 

French Prose Reader By S Barlet, B 6s Sc , and W F 
Masom, M a , Examinei in the University of London With 
Notes and Vocabulary 2& 6d 
“Admirably chosen extracts " — School Govo nment CJaomcU 

The Matriculation French Reader Containing Piose, Veise, Notes, 
and Vocabulaiy By J A Perret, Exammor in Fiench in 
the University of London 2s 6d 
“ We can recommend this book without reserve ” — School Woxld 

Advanced French Reader Edited by S BaPuLET, B 6sSo., and 
W F Masom, M A Second Edition 2s Gd 
“Ohosen fjom a large range of good modern authois ” — Schoolhimtcx 

Higher French Reader Edited by E Weekley, M A 3s 6d 

“ The pass iges are A\ ell chosan, iriteiCbting in themsehas, and lepieaentative of 

the best contempoiaiy stj lists — Joux nal of Education 



TKD UmVERSlTY TVTOIilAL SERIES 


9 


lEuolieb ClnesiCB. 


Burke — Eevolution in France By H P Ad VMS, B A. 2? 6fl 
Chaucer —Canterbury Tales By A J AVYVi.r, MA With 

Glo&sixi^'- Prologue Is Knight’s Tale, Nun’s Priest’s Tale, 
Man of Law’s Tale, Squiie’s Tale Each with Prologue, 2s 6d 
Johnson —Life of Milton Bv S E GoGcjn, M A Is bd 
Johnson — Rasselas Bj'- A J F CoLLINS, M A 23 
Langland — Piers Plowman Piologuo and Passns I -VII By J. E. 
Davis, D Lit , M A Js. 6d 

Milton — Early Poems, Conius, Lycidas By S E Gog GIN, INI A , 
and A F Wa'I r, JVf A 2s bd, Areopagitica Is 6d 
Conius lb Lycidas la 

Milton — Paradise Lost, Books 1 , 11 ByA F W^VTT, M A Is 6cl 
Books IV , V By S E Goggin, M A Is 6d 
Milton — Paradise Regained By A J VAatt, JM A 29 6d 
Milton — Samson Agonistes By A J Wyatt, ]\t A 28 6d 
More —Utopia By R R Rusk, PIi D 2s 
Pope — Rape of the Lock By A F Watt, IVI A Is 6d 


Shakespeare — 

As You Like It By A R 
WkIlKIlS, B A 2s 
Coriolanus Bj^A J F Col- 
lins, M A 2s 
Hamlet King Lear ByS E 
Goggin, M A. 2s each 
Julius Caesai By A F 
Watt, M A 2s 


Merc hant of V enice By S E 
GoTk.in, M a 23 
Midsummer Night’s Dream, 
By A F Wait, M A 23 
Richaidll By A F Watt, 
M A 23 

Th e Tempest By A R 
WrrivES, BA 2s 


Shakespeare, By Prof, W J RoLl'E, D,Litt In 40 volumes 


Eingf John 


2s a Volume 

I JUTidauminer Night’s j Much Ado About Nothing 
I Dream j Tempest 


AU’sWeU that Ends WeU 

Antony and Cleopatra 

As You like It 

Comedy of Errors 

Coriolanus 

Oymbeline 

Hamlet 

Henry TV. Parts 1 , II 
Henry V 

Henry VI. Parts I -III 
Henry VIII 


2s 6cl a Volume 

I Julius Caesar 
I King Lear 
Love’s Labour’s Lost 
Macbeth 

Measure for Measure 
Merohant of Venice 
Merry "Wives of Windsor 
Othello 
Pericles 
Richard II 
Richard III 


t Romeo and Juliet 
I Sonnets 

The Taming of the Shrew 
The Two Noblo hinariien 
Timoii of Athena 
Titus Andronious 
Troiiusnnd Creaaida 
Twelfth Night 
I Two Gentloniftii of Verona 
Venus and Adonis 
1 Winter a Tale 


Shelley — Adonais By A R Wi i kfs, BA K Ocl 

Spenser — Faerie Queene, Book I By W'' H IIiLL, M.A. 23 Gd 



10 


THE UNnmSlTT TUTOBTAZ SEBISS 


lenoliBb Xaiujuaoe anb Xitcraturc* 

Tbe Eiiiyli-h Lmipnc^ Its Hisioiy and Stiucbiue By H LOW, 
M A \\ir\] fi M Questions Szxth Mhhon, Revised 3s 6d. 

“ A clL‘ar woikinanlilce liistoiy of the Eiighuh language clone onsoundpimcjiples ” 
— Buturday R^vuw 

The Matriculation English Course By W H LOW, M A , and 
John Biuggs, M , F Z S Thud Edition 3s 6d 

OONTENTb — Histoiical Sketch — Sounds and S^ mhols — Outlines 
of Accidence and Svnta\ — Common Eiiors— Vn d . — Pn ii.r— - 
The Woid, the Sentence, tlie Paiagiaph^ — Pu" fno- -i — F ul- k.i 
Composition — Si mple N an a ti ve — Compound Nan ati ve — Descriptive 
Composition — The Abstract Theme — The Essay — Paiaphiasing — 
Pi^cis-Wntmg — Style and Diction — Pios^ody — Index 

“ The mattei la cleaily aiianged, coiiciaelj and intelligently put, and niaiked by 
accurate sclioliualnp and counnon aenpe " — Gmiidtaa 

Eriplmb LitHTitme Th.- Tub-nal r.f Py A. J WYATT, 

M A 1' .< z. , , t , .1 ^ 'r Ume 23 6d 

“TIub 18 undoubtetlly the beat achool Instoiy of liteiatuie that has yet come 
undoi out notice ’ — Oiuiiduin 

“The schenio of tlie book la cle it, propoitional, and scicntifac ” — icademy 
“A sound, and achol uly work " — St Jam&s' Gazette 

English Liteiabure, The Intermediate Text Book of Bj’’ W H 
Lo^\’', M A , and A J Wyatt, M A 6s 6d 

‘ Really judicious in the selection of thu details gi\en ” — Saturday Review 
“AN ell-mfoiinodand cleaily wiitten ” — Join ual oi J diuation 
“ The liitttoiical pait is concise andclcu, but the ciitioitiiii la e^en moie v.iluabJe, 
and a nniuboi of illustiatue extuictu contiibute a most useful featuie to the 
volume ’ — iichool iroi/d 

An Ajithology of English Verse Witli Intioduction and Glossaiy 
By A J Wyatt, M A , and S E Gog gin, M A 2s 

For use in Tiaimiig Colleges and Secondaij^ ScJioois The e\- 
tiacts have been selected as lepiesciitatn e ot English veise horn 
Wyatt to the ynesent time (e\clusi\e of diam.i) 

“ We look upon tlua collection as one of the best uf its 1 ind " — learlieu' Aid 

Precis Wilting, A Text-Book of By T C J ACKSON, B A , LL B , 
and John Briggs, hi A , F Z S 2 s 6d 

In uniting this text-book, the authors have aimed at increasing 
the educational value of Piccis.- \Vi iting by giMiig a moie s^'s- 
tematic and a less teclinical treatment to the 'subject than is usual 

“Admiuibl} deal and burtine-jslike — OutiulKin 

“ Tliounighly piactical, ind on i iglit lim.^ liIul iLion illj — 'idiool U'^oild 
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Iphilosopb^, 

Ethics, Manual of By J S Mvckenzie, Litt D , M A , foinicrly 
Fellow of Tiinit3^ College, Camhiidgc 6s Gel 

“ lu ^vutlng tins book Mi MuLkonzie lias piodiioeil an e uiiost and striUiiig con- 
tnbiition to tlie otlncal Iitei.ituie ot tbe timo ” — Muid 

Logic, A Manual of By J Welton, IM A , Piotessoi of Education, 
University of Leeds 2 vols Vol T , Ss 6cl , Vol II , bs Gel 
Vol I contains the whole ot Deductive Logic, except Fallacies, 
wduch are tieatcd, with Inductive Fcillacies, lu Vo] II 
“ A clo.Li and couipendiousaumniai^ of the views of vanoiis tliinkeia on imyoi tanti 
and doubtful points ''^Juiuiiid o/ Ldi'cahon 

Psychology, The Groundwork of By G F STOUT, M A , LL D , 
Fellow'- of the ^ ^ Professor of Logic and Mota- 

phj SICS 111 the ^ Andrews 4s 6d 

“All students of philoaijphy, both beginncis and tho^o who would dL-sLiibe tlain 
seUesas ‘advanced,’ will do wall to ‘load, inaik, leain, and iinvaullj’’ dibt-sf this 
book " — Ojjoi d ^kigazLiic 

Psychology, A Manual of B3" 64 F Si OUT, M A , Ll^ I) Ss Gd 
‘ I of sketclnneaa about the book, and a clear dosne 

I the subject *'—~Satxvi day Revxm 


fIDobem IbietoiT anb (Eoiistitution. 

The Tutorial History of England (To 1901 } Bj^ 0 S 
Fearensidl, M a Is 6d 

“An excellent text book foi the uppei forms of a school " — Journal of Ldatattaa 

Matriculation Modern History Being the ITistoi^’^ of Enghxnd 
1485-1901, with some lefeienee to the Coiitcmpoiaiy Hiatoi}'’ ot 
Europe and Colonial Developments By 0 S Fear tns IDE, 
MA Ss 6d 

“A w'oik that gives evidence of scholtiiihip and clevoi adaptability tu a wpeciil 
purpose "—Qua’idwn 

Groundwork of English History By' M E C vrter 2s 

“ It piesents the salient facts oi English llmtoiy in a icadablo but dulinito foim 
unonounibeied w'ltb inelevant detail Schoohna'iLu 

European History, Mam Landmarks of By F JST Dixon, B A 
Second Eddion 2s 

“A capable slcctoli yi which iustoiical uiovcinents aie indicated actui'itoly and 
with vigoiii "—Gxia'idio.n 

Citizenship, The Elements of the Duties and Rights of By W D 
Aston, B A , LL B J'hn d Edition Is bcl 

Government of the United Kingdom By A E Hogan, LL D 2s 6d 

Con LI NTb —Introduction — Lcgislatuic — Executive — Judicial 
Sy 'stem— Local Goveinment — ImpLiial Government 
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pbllosopb^. 

EtliicSj Manual of By J S Mackenzie, Litl D , M A , foimerly 
Fellow ot Tiimty College, Cainlnidge 63 Gd 
“ In uuting this book Mi J^rdukon/ie liaa pioduunlaii onuieat and stiikiug con- 
tribution to tlio ethical liteiatnie of tlie time ’’ — Ui/id 

Logic, A Manual of By J Welton, jM A , Piofeasoi of Education, 
University ot Leeds 2 vols Vol I , Ss 6 d , Vol II , Gs Od 
Vol I contains the whole of Deductive Logic, except Fallacies, 
wduch aie tieated, wnth Inductive Fallacies, in Vol II 
“A deal and coinpeiubouasiinimaiy of the views of vaiious tliinkeiaon important 
and duiibtfal points '—Jouuml of rUuuition 

Psychology, The Groundwork of By G F Stout, ]\I A , LL D , 
Fellow of the Bn tish Academy , Piofessoi ot Logie and Meta- 
physics m the Uni vei si of St Andic’ws 43 Od 

“All students of phjlosoplij, both baginncis and those who would dehui i)k them 
selves as ‘advanced,’ will do well to ‘lead, inailc, loam, and inwardly <lij,ist' this 
book ” — Oijonl Jhiffuznic 

Psychology, A Manual of By G F Stout, M A , LL I) Gd 

“Theie is a lefieslung absence of sketchineds about the book, and a clear desiio 
manifested to help the student in the subject ” — Satiuday ReiiCio 

fIDobem Ibistoc^ anb Constitution. 

The Tutorial History of England (To 1901 ) By 0 S 
Flarenside, M A 4s Gd 

“ An excellent text book foi the upper foi ms of a school ’’ — Journal oj Ldiu afion 

Matriculation Modern History Being the Histoiy ot l^ngland 
1485-1901, -with some lefeience to the Oontcnipoiaiy HisLoiy of 
Euiope and Colonial De\eloiJmeiit& 0 S Flarcnside, 
MA Ss Gd 

“A vvoik that gives evidence of scholtuship and clever adaptability to i 'npocial 
purpose ' —Onanlian 

Groundwork of English History By M E C VUTLR 2 s 

“ It pie‘<ents the silieut facts ot English History in a u idablo but dulmite foiiii 
unonoiimbei od with iiielcv ant detail — Schuolmastci 

European History, Mam Landmarks of By F IST Dixon, B A 
{Second Ethtion 23 

“A capable skoteh yi which lustoucal movements aie indicated accuiatoly and 
with vjgoui "—Gnaidiaii 

Citizenship, The Elements of the Duties and Rights of B 3 " W D 
Aston, B A , LL B Thud Edition Is Od 

Government of the United Kingdom By A E Hogan, LL D 2s Gd 
Conti NTS —I'ih. l.|. ti n — L .il.tnn — b’ i -lUve — Judicial 
System — Local • 1 1 il • 1 
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THE UmVEUSITY TUTORIAL SERIES 


(Beocjrapbv’. 

Text Book of Geography By O C "Fiiv, M Sc , FIG 4s 6ct 

Tins Look is mtencled toi iTse in the uppei foims of schools and by 
candidates, toi London Uni\eisity Matuculation, the Oxford and 
Cambridge Locals, and otliei Examinations ot similar staiidaid 
It deals ^\itli both General and Regional Geogiaphy In 
Regional Geography the natural features aie first dealt with and 
then the political facts tliat are the onlcome of tliese featiues 
“Til ' III jjil itn n la l r n means one of mme geograpliical facts , the ‘ why ’ and 
tin. « III. let le’ 111, L\r'n where m evidence— the subject is, indeed, presented 
£ iLiitiii illr — 'i '/ v'./ i/Niti 

‘ tt 18 one ot the most scientific and rational text boohs yet piibliahed ” — 
Educatwacd Ecm 


IRoman anb (Bveeli Ibietori?. 

The Tutorial History of Rome (To Had) By A H Atxcroft, 
M A , and W F Ma&OM, M A With Ma^is Thud Edition, 
Eemsed and in pci) t Rtiw) itten 3s 6d 
“ It IS \^ell and ole ulj uiitten ” — ^uLiudct}/ Rcintw 
“A distinctly good book, full, oleai , and accurate ' — QuanTian 

The Tutorial History of Greece (To 323 B C ) B^ Prof W J 
WooDirou'sE, M A ds Od 

“Piof WoodhousB IS exoeijtionill-v well ipialifiod to unto a liistoiy of Greece, 
and he has done it well " — '^thoo} IJ oild 

A Longer History of Rome By A H Allcroi r, M A , and 
otheis (each volume containing an account of the Litciatiue of 
the Period) — 

390—202 B C % Od 78—31 B C 3s bd 

202—133 B C 3s bd 44 B C —138 A D 3s Od 

133—78 B C 3s bd 

“Written in a clear and diiect style Ita authois sliow a thotough acipr imtance 
with thou autlioiitre-^, ind linvo also used the woiksot modem liistuii him to good 
efteot " — Join tud of J duration 

A Longei History of Greece By A H ALLGROrr, M A 
(each volume containing an account ot the Liteiatuie ot the 
Period) — 

To 496 B C 33 6d 404—362 B C 3s 6d 

496—431 B C 3s 6d 362—323 B G 3a 6d 

440—404 B C 3s 6d Sicily, 491—289 B C 3s Gd 

“The authois lia\e a[)piiieirtly spued no puns to inaLi- tlieii woik at onci, uoiu 

prehensi\e and readable — SL/iootuiadti]/ 
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TSM VNIVEBSITl" TUTOlUAL SliRlES 


!lLatin anb (Breek. 

GR4.MMAES AND READERS 
Junior Latin Course By B J Hayls, JM A 2s 6d 

“A good pi ai tic'll giiulo The pimciples aie soand, ami the niles aie oleaily 
stated ’ — Eductiiional limts 

The Tutorial Latin Grammar By B J Hayes, M A , and W R 
M VSOM, M A Foui th Edition 3s 6d 

“ Accurate and full without being o\ei3oaded with detail " — SiChoolmo.'^tfi 

Latin Composition With copious Exeicises and easy continuous 
Passages By A H ALLCRorT, i\I A , and J H HaydON, 
M A Si%th Edition, Enlarged 2s 6d 
“ Simplicity of stitemeut and aiMngciiieut " '■ ’ ’ ' ti v 

exccptioiib to these adiuitly stated jubt at the • « . u i 

of tho Btiikmg characteiistics of tins excellent uooii. — ukooi uuistei 

Junior Latin Reader By E J G Eorse, M A Is 6d 

Matriculation Selections fiom Latin Authors With Intioductioii 
(Histoiy and Antiquities), Notes, and Vocabulaiy By A E 
WatTj'M a , and B J Hayes, M A 2s Gd 
Provides piactice in leading Latin m piepaiation for Examina- 
tions foi ■vrlnch no classics are presciibed 
“J ■ ■' ' ■ - = I '■ and well done " — School Woild 

“n _ . ) ‘ , the notes are brief and to*the purpose” — 

Jour ' ' > 

Matriculation Latin Construing Book By A E Watt, M A , and 
B J Hyy^es, MA 23 

A guide to the constiuing of the Latin period and its tianslation 
into English 

“ One of the most useful text books of this veiypiactical Tutotial Senes ” — School 
Qaaidiaii 

The Tutorial Latin Readei With Vocabulary 2s 6d 

“ A soundly practical woik — Ouaulian 

Advanced Latin Unseens Edited b 5 ^H J Maidment, M A , and 
T R Mills, M A Ss Gd 

“Contains some good passigeb, whiUi ha'ic been selected Horn a widei field than 
that pieviously Q\ploied b} suuil n in inuals — idge Klvuw 

The Tutoiial Latin Dictionary By E G Plaistowe, M A , late 
Eelloiv ot Quccn'^’ College, Cambiidgc Os Gd 
“ A sound school dictionary "—Spiaf di 

Advanced Greek Unseens Setond Edition, Enhnged 3^ 6d 

The Tutoiial Greek Reader With Vuc tliULARTi s By A WaUUU 
Young, M A Thud Edilwn, Ealaujed Gd 



THE UNlVEIiSlTY TUTORIAi: SERIES 


JEC^ittouB of Xatin auD 0ieek Claesics, 

The Text is m all nLLomiKiiiied by Inti oduct ion and Notes j bools 

mailed (*) tonUun aho an alphabetical Lexicon 
The Vocahulai les are in oi dei of the te U and are pi eceded by Test Papei s 


Acts of Apo‘=itles 
Aeschylus— 

Eumenides 
Pei sae 

Piometlieus Ymctus 
Septem contra I’heba^ 

Aristophanes— 

Ranae 

Caesar— 

Ci\al Wai, Book 1 
Civil Wai , Book 3 
Gallic Wai, Books 1-7 
(each] 

Gallic Wai, Book 1, 
Ch 1 to 29 

The Invasion of Biitam 
Gallic War, Book 7, Cli 
1 to 6S 

OlCERO— 

Ad Attioum, Book 4- 
De Amicitia 
De Pmibus, Book 1 
De Finibus, Book 2 
De Ofliciis, Boot 3 
De Senectutc 
In Catilinani 1 -IV 
» 1 
Philippic II 
Pro Archia 
Pio Balbo 
Pio Cliienfcio 
Pro Lege Mamba 
Pio Mai cello 
Pro Ml lone 
Pio Plnnoio 
Pio Roscio Amenno 

Cu^TIU^S— 

Book 9, Ch 6-end 


Text Voc 

1/0 


3 6 1/0 
3/b 

2/b 1/0 

3/6 1/0 


3/6 


3/6 

n/G 
2/6 
3/6 
3/6 
M/G 
2/6 

Hi (each) 1/6 

2/6 


1/6 

3/6 

2/6 

i/6 

2/6 

3/b 

* 2/6 


1/0 


I 0 

1/0 

1/0 

1/0 

J/0 

1/0 

1/0 

1/0 

1/0 

I/O 

1/0 

1/0 


Demosthenes— 

Andiotion 

Bhetpidls— 

Alcestis 

Androiiiaohe 

Baceliae 

Hecuba 

Hippolytiis 

Iphigenia in Tam is 

Medea 


Text Voc 


2/6 

1/0 

Herodotus— 

1/6 

1/0 

Books* • ' 

Book 4, Ch 1-144 

1/6 


Book 6 

1/6 

1/0 

Book 8 

1/6 


Homer— 


Iliad, Book 6 
Iliad, Book ‘24 
Od}SRc;y, Books 9, 10 
OcBssey, Books 11, 12 
Ocl^^sse}^, Books 13, 14 
Odj^ssey, Book 17 


4/6 


1/6 1/0 

3/6 

3/6 1/0 
3/6 

3/6 1/0 
3/6 1/0 
3/6 


4/6 I/O 
4/6 1/0 
* 2/6 1/0 
3/0 


1/0 

3/6 

2/6 

2/6 

2/6 

1/6 1/0 


Hor\ce— 

Epistles (including A?s 
Roetica ) 4/6 

Epistles (excluding Ats 
Roetica) 1/. 

Epodes I ^'6 

Odes, Books 1-4 * i/6 

Sepaiatel}, eacli Book 

, (* 2 . 3 , - t ) 1/6 1/0 

Satires 3/6 1^0 


1/6 


ISOCRATFS— 
De Bigis 


46 
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Tm umvERSirr TfrroRr\L 

Zbe miuvcrsit^ tutorial Secies. 


Guinal Ediloi Wm ERliiGS, LL D , D C L , M A , B Sc , 

Piidui>al Of Univnattif C(jui^}0i\\.ldiit& ' 


The object oi the Univer-^hy Tuioeivl SerJEb i<5 to piovide 
caiicliclates foi e\amiiiatKms and leaincis geiieially with te\t bookb 
winch shall coiuej in the sini]>lost foira sound insti action in accoid 
ance with the latest lesiilts ot hcliolaislnp and scientific lescaich 
Impoiiant points aie fully and cleaily tieated, and caie has been 
taken not to intioduce details which aie likel 3 '' to perplex the be- 
ginnei 

Tlio pLibhshei will be happy to enteitain applications fioni 
Teacheis for Specimen Copies of books mentioned m this List 


SOME PRESS OPINIONS. 

*'ThiB sones is successful iii hitting its lUT-ik ind supplving much help to 
students m pl'iLcs where a guiding hnnd is soioly ncmled ’ — Johj nnl of Ldveadon 
“Many editois ot moie pietuntiuus books might study tlie methods of the ‘TJni 
versity Tutorial bei les, w ith ptofit — Gvai cluid 

“The ‘UnivBi'.ity Tutorial Senes' is favourahly known for its pitiotioal and 
woikm inlike metliods ’ — Puhlit Sthooh Y^ai Book 
“ TliL senes is eminently succeshful " — SpeUato) 

“The clawsical texts lu this seiles aio edited by men who aie thoioughly masteis 
of then craft "—Saturdav /i!t!(Ui7p 

“The competent mannci in which the volume* ot this senes aia edited is now 
well known and geueialh lOLOgniued — rdarationcd 2imii> 

“Tina Uhefiil senes of te\t books ’’ — Nutuu 

“Any book* published m this aeiie* aie aclmnably adapted foi the needs of the 
large cla*s of student^ tor whom they ai e intended '—Cavib) idg^ Btnew 

“ OlearnetaS ni stateineut and v i ; , puhiica- 

tions of the Umveihity Tutuiial ■ .. 

“All books w’liich lapue tiom the 'Univoisitj Tutoiial Piess' aie both scholaily 
and practiral licviac 

“The nioiit of this faeuea of publication'* consists in the woikmaiihke execution 
of an ordei ly piactical plan ’—Scl ool Gui Luinioi Chn uu ^ 

“The books of the ‘ Univeisit} Tutoiial bciiti'i lii\o dcaenodlv won a high 
leputation foi sound schoJaiship, i Icai and ukIliI^ auaiigemeiit and piosentation, 
andpiaoticd iiidup to date methods "—Boo/ mnii 

“The moie we of these e\collont mauu ils the muio highly do wo tlimk of 
them " — SihooflnirJtC) 

‘Such tevt buoks aia immeasurabb aupeiioi to the liea^y tomes, ovei bin doned 
with Lvti ineous mattei, with which boyb ot apieiious geneiation weie familial” 
— ^ihool Crtiai'diad 



